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(57) ABSTRACT 

A toner is principally constituted by a binder resin, a 
colorant and a hydrocarbon wax. The hydrocarbon wax has 
a hydroxyl value (Hv) of 5-150 mgKOH/g and an ester 
value (EV) of 1-50 mgKOH/g satisfying HvcEv. Further, the 
toner has a tetrahydrofuran-Soluble content providing a 
gel-permeation chromatogram showing at least one peak in 
a molecular weight region of 3x10 to 5x10" and at least one 
peak or shoulder in a molecular weight region of 1x10 to 
1x107. 
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TONER HAVING HYDROCARBON WAX 
WITH SPECIFIC ESTER VALUE AND 

HYDROXYL VALUE 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to a toner used for devel 
oping electroStatic images in an image forming method, 
Such as electrophotography or electroStatic recording, or for 
use in an image forming method according to the toner 
jetting Scheme. 

Hitherto, a large number of electrophotographic processes 
have been known, as disclosed in, e.g., U.S. Pat. NoS. 
2,297,691, 3,666,363 and 4,071,361. In these processes, an 
electroStatic image is formed on a photoSensitive member 
comprising generally a photoconductive material by various 
means, then the electroStatic image is developed with a 
toner, and the resultant toner image is, after being transferred 
onto a transfer (-receiving) material Such as paper, fixed by 
heating, pressing, or heating and pressing, to obtain a copy 
or a print. A transfer residual toner remaining on the pho 
toSensitive member after the transfer Step is cleaned by 
various means, and the above-mentioned Steps are repeated 
for a Subsequent image forming cycle. 
An image forming apparatus used for Such an electropho 

tographic proceSS has recently been Started to be used not 
only as a copying machine for office for simply duplicating 
an original but also as a printer as a computer output 
equipment or in a field of personal copy. 

For this reason, the image forming apparatus has been 
constituted by Simpler Structural members in order to realize 
a Small size, a light weight, a high Speed and a high 
reliability required therefor. As a result, a toner used in the 
image forming apparatus is also required to exhibit higher 
performances. Accordingly, if an improvement in toner 
performances is not achieved, an image forming apparatus 
using the toner is liable to fail to exhibit higher perfor 

CCS. 

For example, various methods and apparatus as to a step 
of fixing a toner image onto a sheet Such as paper have been 
developed. Specifically, a heating and pressing fixation 
System using hot rollers and a heating fixation System 
wherein a toner (image) is caused to closely contact a 
heating member via a film by using a pressing member have 
been proposed. 

According to Such heating fixation Systems, the fixation is 
performed by passing a toner image-carrying Surface of a 
sheet to be fixed (fixation sheet) while causing the toner 
image-carrying Surface of fixation sheet to contact a Surface 
of hot rollers or film composed of a material having a 
releasability with the toner. In these Systems, the Surface of 
hot rollers or film and the toner image carried on the fixation 
sheet contact each other, So that a very good heat efficiency 
is attained when the toner image, thus allowing quick 
fixation particularly in an electrophotographic copying 
machine or a printer. 

In the above systems, however, a hot roller or film surface 
and a toner image contact each other in a melted State of the 
toner, So that a part of the toner is transferred and attached 
to the fixing roller or film Surface and then re-transferred to 
a Subsequent fixation sheet to cause an offset phenomenon, 
thus being liable to Soil the fixation sheet. Accordingly, it is 
important in the above-mentioned heating fixation Systems 
that the toner is controlled So as not to attach the hot fixing 
roller or film Surface. 

In order to prevent a toner from Sticking onto a fixing 
roller Surface, it has been conventionally practiced to com 
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2 
pose the fixing roller Surface of a material showing excellent 
releasability against the toner (e.g., Silicone rubber or 
fluorine-containing resin) and further coat the Surface with a 
film of a liquid showing a good releasability, Such as Silicone 
oil, So as to prevent the offset and deterioration of the fixing 
roller surface. This method is very effective for preventing 
offset but requires a device for Supplying Such an offset 
preventing liquid, thus resulting in complication of a fixing 
apparatuS. 

Further, this is contrary to the demand for a Smaller and 
lighter apparatus and can Sometimes Soil the inside of the 
apparatus due to vaporization of the Silicone oil, etc., by 
application of heat. Therefore, based on a concept of Sup 
plying an offset-preventing liquid from the inside of toner 
particles under heating instead of using a device of Supply 
ing Silicone oil, there has been proposed to incorporate a 
release agent, Such as low-molecular weight polyethylene or 
low-molecular weight polypropylene, into toner particles. 
However, addition of Such a release agent in an amount 
exhibiting a Sufficient effect is liable to lead to (toner) image 
deterioration due to filming onto a photoSensitive member or 
Soiling of the Surface of a carrier or a toner-carrying 
member, Such as a developing Sleeve. Accordingly, there has 
been adopted a combination of adding a release agent in an 
amount Small enough not to cause image deterioration into 
toner particles and Supplying a Small amount of a release oil 
or using a cleaning device including a web used little by 
little to be would up for removing offset toner. However, in 
View of recent demands for a Smaller size, lighter weight and 
higher reliability, it is necessary and preferred to omit Such 
additional devices. Accordingly, a toner is required to be 
further improved i performances Such as fixability and 
anti-offset characteristic, So that a binder resin and a release 
agent for use in a toner are desired to be further enhanced in 
their properties. 
The addition of waxes as a release agent in toner particles 

has been known, as disclosed in, e.g., Japanese Patent 
Publication (JP-B) 52-3304, JP-B 52-3305, and JP-B 
57-52574. 

These waxes have been used to provide a toner improved 
in anti-offset characteristic at low or high temperature. 
However, the addition of these waxes have led to adverse 
effects, Such as lowering in anti-blocking property and 
lowering in developing performance of the toner in Some 
CSCS. 

Further, incorporation of an alcohol component into toner 
particles has been proposed in Japanese Laid-Open Appli 
cations (JP-A) 63-113558, 63-1881.58, H2-134648, 
H4-97162 and H4-97163. The alcohol component is effec 
tive in improving a low-temperature fixability and a high 
temperature anti-offset characteristic of toner but lowers a 
developing characteristic of toner in Some cases. 
JP-A H1-109359 has proposed incorporation of a low 

molecular weight polyolefin polyol wax into toner particles. 
Such an incorporation of the wax effectively improves toner 
fixability and developing characteristic. However, in this 
case, the resultant toner exhibits poor anti-blocking charac 
teristic and high-temperature anti-offset characteristic in 
SOC CSCS. 

Further, incorporation of a partially esterified product of 
polyglycerin has been proposed in JP-AH4-184350, JP-A 
H4-194946, JP-A H4-194947 and JP-A H4-194948. Even 
when Such a polyglycerin compound is added in a toner, 
sufficient fixability and anti-offset characteristic have not 
bee Satisfied as yet. 

SUMMARY OF THE INVENTION 

Accordingly, a generic object of the present invention is 
to provide a toner having Solved the above-mentioned 
problems. 
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A more specific object of the present invention is to 
provide a toner capable of exhibiting good fixing perfor 
mances including improved low-temperature fixability and 
anti-offset characteristic. 

Another object of the present invention is to provide a 
toner capable of Suppressing an occurrence of toner attach 
ment onto a fixing member even in a long-term of use and 
providing excellent image characteristics Similarly as in the 
initial Stage. 

Another object of the present invention is to provide a 
toner comprising toner particles in which a wax is uniformly 
dispersed, and thus being capable of providing excellent 
images-as in the initial image. 

Another object of the present invention is to provide a 
toner capable of exhibiting excellent low-temperature fiX 
ability and continuous image forming characteristic even at 
a high proceSS Speed. 
A further object of the present invention is to provide a 

toner excellent in long-term Storability. 
According to the present invention, there is provided a 

toner, comprising at least a binder resin, a colorant and a 
hydrocarbon wax, wherein 

the hydrocarbon wax has a hydroxyl value (Hv) of 5-150 
mgKOH/g and an ester value (EV) of 1-50 mgKOH/g 
satisfying HvaEV, and 

the toner has a tetrahydrofuran-Soluble content providing 
a gel-permeation chromatogram showing at least one 
peak in a molecular weight region of 3x10 to 5x10" 
and at least one peak or shoulder in a molecular weight 
region of 1x10 to 1x107. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a con 
sideration of the following description of the preferred 
embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

AS a result of our study, it has been found possible to 
provide a toner that shows a good developing fixability in a 
wide temperature range from low temperature to high tem 
perature and shows an excellent developing characteristic 
over a wide variety of environment inclusive of high 
temperature/high humidity environment and low 
temperature/low humidity environment, by incorporating 
into toner particles of a hydrocarbon wax having a hydroxyl 
value (Hv) of 5-150 mgKOH/g (preferably 10–100 
mgKOH/g, more preferably 20–90 mgKOH/g) and an ester 
value (Ev) of 1-50 mgKOH/g (preferably 1–30 mgKOH/g, 
more preferably 1-20 mgkOH/g, particularly preferably 
1-15 mgKOH/g) satisfying HvcEV, and providing the toner 
with a tetrahydrofuran (THF)-soluble content having such a 
molecular weight distribution as to provide a gel-permeation 
chromatogram (GPC chromatogram), obtained by GPC (gel 
permeation chromatography), showing at least one peak in 
a molecular weight region of 3x10 to 5x10" and at least one 
peak or shoulder in a molecular weight region of 1x10 to 
1x107. 
The hydrocarbon wax used in the present invention may 

preferably have a hydrocarbon molecular chain having a 
chemical structure described below. 

Such a hydrocarbon wax may comprise wax molecules 
each having a molecular chain including a Secondary alcohol 
Structure (having a hydroxyl group connected to Secondary 
carbon atom) represented by a partial structural formula (A) 
shown below and having a molecular chain including an 
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4 
ester structure (having an ester bond) represented by a 
partial structural formula (B) shown below. In this case, the 
Secondary alcohol structure (formula (A)) and the ester 
Structure (formula (B)) may be contained together in one 
hydrocarbon molecular chain. Further, it is also preferred 
that each wax molecule has a hydrocarbon molecular chain 
including an acid structure (having a carboxyl group con 
nected to primary or Secondary carbon atom) represented by 
partial structural formulas (C) and (D) shown below. A 
hydrocarbon molecular chain of the hydrocarbon waX may 
have a primary alcohol structure (having a hydroxyl group 
connected to primary carbon atom) represented by a partial 
structural formula (E) shown below. In the hydrocarbon wax 
used in the present invention, one hydrocarbon molecularly 
chain constituting each waX molecule may have any one of 
or any combination of two or more species of the following 
partial structural formula (A), (B), (C), (D) and (E). 

(A) 

(B) 

(C) 

(D) 

(E) 

The hydrocarbon wax used in the toner according to the 
present invention hag an hydroxyl group in an appropriate 
amount (Hv=5-150 mgKOH/g) in wax molecules, so that 
the hydrocarbon wax is dispersed in a binder resin in a 
particulate form to exhibit an appropriate plasticizing effect, 
thus improving a fixability. Further, the dispersed hydrocar 
bon wax in particulate form is liable to quickly nigrate to a 
toner particles Surfaces, thus having an anti-offset charac 
teristic of the toner. If the hydrocarbon wax (Hv) of the 
hydrocarbon wax is below 5 mgKOH/g, the hydrocarbon 
wax is not Sufficiently dispersed finely in a binder resin to 
lower a fixability and anti-offset characteristic of the toner. 
Above 150 mgKOH/g, the resultant plasticing effect of the 
hydrocarbon wax becomes too large, the toner is lowered in 
anti-offset characteristic. 
The ester group in the hydrocarbon wax shows a high 

affinity with a binder resin component of the toner, thus 
allowing a presence of the hydrocarbon wax uniformly over 
toner particles to effectively exhibit the function of the 
hydrocarbon wax. If the ester value (Ev) of the hydrocarbon 
wax is below 1 mg KOH/g, a resultant effect of the hydro 
carbon wax regarding a toner fixability and anti-offset 
characteristic is lowered. Above 50 mgKOH/g, the affinity 
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of the hydrocarbon wax with a binder resin becomes too 
high, thus lowering a release function of the hydrocarbon 
wax. As a result, a Sufficient anti-offset characteristic is not 
readily attained. 

The toner contains a THF-soluble component having such 
a molecular weight distribution as to provide a GPC chro 
matogram showing at least one peak, preferably as a maxi 
mum peak, in a molecular weight region of 3x10 to 5x10", 
preferably 3x10 to 3x10", more preferably 5x10 to 2x10", 
in order to provide a good fixability. If the peak is in a 
molecular weight region of below 3x10, the anti-blocking 
characteristic is lowered. Above 5x10", a good fixability is 
not readily obtained. Further, it shows at least one peak or 
shoulder in a molecular weight region of 1x10 to 1x10", 
preferably 1x10 to 5x10, in order to provide a good 
anti-offset characteristic. If the peak or shoulder is in a 
molecular weight region of above 1x10", a resultant elas 
ticity becomes large to lower a fixability. 

Herein, “a peak in a molecular weight region of 3x10 to 
5x10" or of 1x10 to 1x10” means that a peaktop is in the 
molecular weight region on the GPC chromatogram, and “a 
shoulder in a molecular weight region of 1x10 to 1x107” 
means that the GPC chromatogram shows an inflection 
point, i.e., a point giving a maximum of the differential of 
the curve, in the molecular weight region. 

The hydrocarbon wax used in the present invention has an 
ester group showing a high affinity with a binder resin 
component and also has a hydroxyl group, thus readily 
plasticizing the resultant toner. Particularly, the hydrocarbon 
wax effectively plasticizing a binder resin component in a 
low-molecular weight region of 3x10 to 5x10", thus pro 
viding the toner with a good fixability. Further, the toner of 
the present invention also contains a binder resin component 
in a high-molecular weight region of 1x10 to 1x107 and 
contains the hydrocarbon wax having the hydroxyl group 
exhibiting a high slippability. As a result, based on a 
Synergistic effect of an elasticity of the high-molecular 
weight component and the Slippability of the hydrocarbon 
wax, it is possible to effectively enhance a releasability of 
the toner (particles) from a fixing member and also further 
improve the anti-offset characteristic of the toner. In the 
present invention the high-molecular weight component (in 
the molecular weight of 1x10 to 1x107) is moderately 
plasticized by the hydrocarbon wax having ester group, thus 
improving a mutual Solubility with the low-molecular 
weight component (in the molecular weight region 3x10 to 
5x10'). Further, as described above, the hydrocarbon wax 
also has the hydroxyl group to provide the toner Surface with 
an appropriate degree of Slippability, thus enhancing a 
triboelectric chargeability of the toner. As a result, a charg 
ing characteristic of the toner is uniformized and Stabilized 
to provide a high image Sensitive over a long-term use even 
in a Severe environmental condition Such as a high 
temperature/high-humidity environment or a low 
temperature/low-humidity environment while retaining a 
good developing performance with leSS occurrence of fog. 

The molecular weight distribution of tetrahydrofuran 
(THF)-soluble contents of toners or binder resins described 
herein are based on GPC measurement performed according 
to the following manner. 
<Molecular weight distribution measurement by GPC> 

In a GPC apparatus, a column is Stabilized in a heat 
chamber at 40° C., tetrahydrofuran (THF) solvent is caused 
to flow through the column at that temperature at a rate of 
1 ml/min., and about 100 ul of a GPC sample solution is 
injected. The identification of Sample molecular weight and 
its molecular weight distribution is performed based on a 
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6 
calibration curve obtained by using Several monodisperse 
polystyrene Samples and having a logarithmic Scale of 
molecular weight verSuS count number. 
The Standard polystyrene Samples for preparation of a 

calibration curve may be those having molecular weights in 
the range of about 10° to 10 available from, e.g., Toso K.K. 
or Showa Denko K.K. It is appropriate to use at least 10 
Standard polystyrene Samples. The detector may be an RI 
(refractive index) detector. It is appropriate to constitute the 
column as a combination of a plurality of commercially 
available polystyrene gel columns. A preferred example 
thereof may be a combination of Shodex KF-801, 802, 803, 
804, 805, 806, 807 and 800P, available from Showa Denko 
K.K., or a combination of TSK gel G1000H (H,), G2000H 
(H,), G3000H (H,), G4000H (H,), G5000H (H,), 
G6000H (H,), G7000H (H,) and TSK guard column. 
The GPC sample may be prepared as follows. 
A toner or binder resin sample is placed in THF and left 

Standing for Several hours. Then, the mixture is Sufficiently 
Shaken until a lump of the resinous Sample disappears and 
then further left standing for more than 12 hours at room 
temperature. In this instance, a total time of from the mixing 
of the sample with THF to the completion of the standing in 
THF is taken for at least 24 hours. Thereafter, the mixture is 
caused to pass through a Sample treating filter having a pore 
size of 0.45-0.5 um (e.g., “Maishoridisk H-25-5”, available 
from Toso K.K. or "Ekikurodisk 25CR', available from 
German Science Japan Co.) to recover the filtrate as a GPC 
Sample. The Sample concentration is adjusted to provide a 
resin concentration of 0.5-5 umg/ml. 
The hydrocarbon wax may preferably have an acid value 

(AV) of 1–30 mgKOH/g, more preferably 1-15 mgKOH/g, 
further preferably 1-10 mgKOH/g. By incorporating an acid 
group into the hydrocarbon wax, the hydrocarbon wax has 
a larger boundary adhesive force with other components 
constituting the toner of the present invention, thus being 
improved in plasticizing effect to the toner to enhance the 
fixability of the toner. If the acid value (AV) is below 1 
mgKOH/g, the boundary adhesive force of the hydrocarbon 
wax with other toner components is decreased, thus being 
liable to cause liberation of wax to result in poor function of 
the hydrocarbon wax in some cases. Above 30 mgKOH/g, 
the boundary adhesive force becomes too large, plasticiza 
tion of the toner is accelerated excessively, thus failing to 
retain a Sufficient releasability in Some cases. 
The hydrocarbon wax used in the present invention appro 

priately has the hydroxyl value (Hv) and the ester value (EV) 
while Satisfying the following relationship: 
HvcEV, preferably Hvid2xEV. 

In this instance, a ratio HV/Ev may preferably be 2.5 to 20. 
Further, the hydrocarbon wax also appropriately has the 

hydroxyl value (Hv) and the acid value (AV) while satisfying 
the following relationship: 
HvAV, preferably Hvid2xAV. 

In this instance, a ratio HV/AV may preferably be 2.5 to 20. 
AS described above, the hydroxyl group of the hydrocar 

bon wax improves a slippability of the toner, thus enhancing 
a releasability of the toner from a fixing member. In addition 
to the hydroxyl group, the hydrocarbon wax has also the 
ester group showing a high affinity with the binder resin 
while satisfying the relationship of Hvid EV, the hydrocarbon 
wax is uniformly present within the toner to improve the 
toner slippability with the fixing member and alleviate the 
toner attachment onto the fixing member. If the ester value 
is at least the Hv (Eve Hv), the affinity between the hydro 
carbon wax and the binder resin becomes high, So that the 
hydrocarbon wax does not readily migrate to the toner 
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Surface. As a result, the function of the hydrocarbon wax is 
not readily exhibited, thus being liable to cause image 
Soiling due to the toner attachment onto the fixing member. 

The ester group of the hydrocarbon wax has a high affinity 
with a binder resin component and the hydroxyl group of the 
hydrocarbon wax has a high affinity with a fixation sheet (a 
sheet for carrying a toner image to be fixed thereon) Such as 
paper, thus exhibiting an effect of discharging (removing) 
the toner from the fixing member. As a result, it becomes 
possible to improve the releasability of the toner with the 
fixing member and the dischargeability of the toner toward 
the fixation sheet, thus alleviating the image Soiling due to 
attachment and accumulation of the toner onto the fixing 
member. 
On the other hand, the acid group of the hydrocarbon wax 

has a high adhesive force with other toner components while 
Satisfying the relationship of HvaV, thereby to keep a wax 
component at the toner Surface on the fixing member. AS a 
result, the hydrocarbon wax effectively functions at the 
boundary between the toner and the fixing member. If the 
acid value is at least the hydroxyl value (AV-Hv), the 
Slippability of the hydrocarbon wax is lowered to cause 
image Soiling due to the toner attachment onto the fixing 
member in Some cases. 

The hydrocarbon wax used in the present invention has 
the acid group and the ester group in combination, So that the 
hydrocarbon wax is dispersed with an appropriate dispersion 
diameter in toner particles, thus effectively exhibiting its 
function. If either one of the acid group and the ester group 
is not present in the hydrocarbon wax, the dispersion diam 
eter of the hydrocarbon wax in toner particles becomes 
uniform, thus resulting in poor wax function in Some cases. 

Further, the high-molecular weight component of the 
THF-soluble content (of the toner) measured according to 
GPC shows a high releasability with the fixing member and 
is uniformly dispersed in toner particles based on Such a 
function of the hydrocarbon wax as to impart an excellent 
mutual Solubility between the high-molecular weight com 
ponent and the low-molecular weight component to the 
toner according to the present invention, thus further 
improving the toner releasing effect against the fixing mem 
ber. 

The hydrocarbon wax used in the present invention is not 
only excellent in releasing function and plasticizing function 
in the case of being moderatedly finely dispersed in toner 
particles but also effectively improves the fixability and 
anti-offset characteristic of the toner because a main chain of 
hydrocarbon wax molecule has C-C bonds (i.e., a longer 
methylene group), thus readily exhibiting functions of 
respective groupS. Such as acid group, hydroxyl group and 
ester group. 
On the other hand, in the case where another element or 

bond is contained in a molecular main chain of hydrocarbon 
wax (e.g., when an ether bond (group) having oxygen is 
contained in a molecular main chain of hydrocarbon wax as 
in, e.g., polyglycerin), the function of hydrocarbon wax is 
lowered to impair the functions of the above-mentioned 
respective functional groups (acid, hydroxyl and ester 
groups), thus failing to achieve a good fixability and anti 
offset characteristic. 

In the present invention, the hydrocarbon wax may pref 
erably be prepared by once forming aborate of wax from an 
aliphatic hydrocarbon wax and then Subjecting the borate of 
wax to hydrolysis to obtain a wax having hydroxyl group 
(herein, the Series of the above production steps is referred 
to as “alcoholic conversion”). The use of the alcoholic 
conversion is effective in providing a resultant wax with 
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8 
desired characteristics, in View of easy control of conversion 
degrees of acid group, hydroxyl group and ester group of a 
resultant hydrocarbon wax. 
The aliphatic hydrocarbon wax may comprise Saturated or 

unsaturated aliphatic hydrocarbons having a number 
average molecular weight (Mn) (polyethylene-conversion 
value) of 100–3000, preferably 200–2000, more preferably 
250-1000, as measured by GPC. 
The molecular weight (distribution) of the hydrocarbon 

wax used in the present invention may be measured by GPC 
under the following conditions 

Apparatus “HLC-8121GPC/HT" (available from Toso 
K.K. 
&lumn “TSK gel GMHHR-H HT” 7.8 mm I.D. (inner 

diameter)x30 cm L (length)-binary (available from Toso 

Detector: RI detector for high temperature 
Temperature: 135° C. 
Solvent: o-dichlorobenzene containing 0.05% of ionol. 
Flow rate: 1.0 ml/min. 
Sample: 0.4 ml of a 0.1 %-sample. 
Based on the above GPC measurement, the molecular 

weight distribution of a Sample is obtained once based on a 
calibration curve prepared by monodisperse polystyrene 
Standard Samples, and re-calculated into a distribution cor 
responding to that of polyethylene using a conversion for 
mula based on the Mark-Houwink viscosity formula. 

Examples of the aliphatic hydrocarbon wax may include: 
(A) a higher aliphatic unsaturated hydrocarbon having at 
least one double bond obtained through an ethylene poly 
merization process or olefin formation proceSS using thermal 
decomposition of petroleum hydrocarbon, (B) a n-paraffin 
mixture obtained from a petroleum fraction, (C) a polyeth 
ylene wax obtained from the ethylene polymerization 
process, and (D) a higher aliphatic hydrocarbon obtained by 
the Fischer-Trospch process. These hydrocarbon waxes may 
be used Singly or in combination of two or more Species. 

The hydrocarbon wax used in the present invention may 
be prepared by liquid-phase oxidizing an aliphatic hydro 
carbon wax with molecular-form oxygen-containing gas in 
the presence of a catalylst, preferably boric acid and boric 
(acid.) anhydride. The resultant wax may be then Subjected 
to purification according to the preSS Sweating method, 
purification with a Solvent, hydrogenation, or activated clay 
treatment after Washing with Sulfuric acid. Boric acid and 
boric anhydride may preferably be used in a mixture Satis 
fying a mixing ratio (boric acid/boric anhydride) of 1 to 2, 
more preferably 1.2–1.7 (as molar ratio). 

If the amount of boric anhydride is smaller to provided a 
mixing ratio of above 2, an excessive amount of boric acid 
is liable to undesirably cause aggregation or agglomeration. 
On the other hand, the amount of boric anhydride is larger 
to provide a mixing ratio of below 1, a powdery Substance 
resulting from boric anhydride is recovered after the reaction 
and an excessive amount of boric anhydride does not 
contribute to the reaction, thus resulting in expensive pro 
duction cost. 
The mixture of boric acid and boric anhydride may 

preferably be added in an amount of 0.01 to 10 mol, more 
preferably 0.1 to 1 mol, as a boric acid-conversion amount, 
per 1 mol of an aliphatic hydrocarbon as a starting material. 
AS the catalyst, other than boric acid/boric anhydride 

mixture, it is possible to use metaboric acid, pyroboric acid, 
and oxyacids of boron, phosphorus, nitrogen and Sulfur 
(e.g., boric acid, nitric acid, phosphoric acid and Sulfuric 
acid). 
The molecular-form oxygen-containing gas to be intro 

duced into the reaction System may include oxygen gas, air 
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and diluted gases thereof containing diluent inert gas. The 
gas may preferably have an oxygen concentration of 1-30 
vol. 9%, more preferably 3-20 vol. 9%. 

The liquid-phase oxidation (reaction) of the aliphatic 
hydrocarbon (starting material) may ordinarily performed 
with no Solvent i a melted State thereof at a reaction 
temperature of 120–280° C., preferably 150–250° C., for 
preferably 1-15 hours. 

Boric acid and boric anhydride may preferably be pre 
liminarily blended and then added into the reaction System. 
If only boric acid is added singly into the reaction System, 
an undesirable reaction Such as dehydration reaction of boric 
acid is liable to proceed. 

Further, the mixture catalyst of boric acid and boric 
anhydride may preferably be added into the reaction System 
at 100-180° C., more preferably 110–160° C. If the addition 
temperature is below 100° C., a catalyst ability (effect) of 
boric anhydride is lowered due to, e.g., a residual water 
(moisture) content in the System. 

After the reaction, water is added into the reaction mixture 
to precipitate a boric ester of wax, followed by hydrolysis 
and purification to obtain a hydrocarbon wax having desired 
functional groups to be used in the toner of the present 
invention. The hydrocarbon wax thus produced contains a 
Substantial proportion of Secondary alcohol component. 

In the present invention, acid value, hydroxyl value, ester 
value and Saponification value of the thus obtained hydro 
carbon wax are based on those obtained basically according 
to JIS K-0070 in the following methods, respectively. 

Measurement of Acid Value (AV) 
<Apparatus or Equipments> 

Erlenmeyer flask (300 ml) 
Buret (25 ml) 
Water bath or hot plate 

<ReagentS> 
0.1 kmol/m-hydrochloric acid (HCl) 
0.1 kmol/m-potassium hydroxide (KOH) solution in 

ethanol (Standardization thereof is performed in Such a 
manner that 25 ml of 0.1 kmol/m-HCl is placed in an 
Erlenmeyer flask by using a whole pipet is, after adding a 
phenolphthalein Solution (prepared below) thereto, Sub 
jected to titration with 0.1 kmol/m-KOH ethanol solution to 
obtain an amount required for neutralization, thus determin 
ing a factor of the 0.1 kmol/m-KOH ethanol solution). 

Phenolphthalein Solution (indicator) 
Solvent (a mixture of diethyl ether/99.5%-ethanol (=1:1 

or 2:1 by volume) which is used immediately after being 
neutralized with 0.1 kmol/m-KOH ethanol solution in the 
presence of Several drops of phenolphthalein Solution). 
<Measurement> 

(a) 1-20 g of a wax is accurately weighed in an Erlenm 
eyer flask. 

(b) To the wax, 100 ml of solvent and several drops of 
phenolphthalein solution (indicator) are added, followed by 
Shaking on a water bath to completely dissolve the wax. 

(c) The resultant wax solution is subjected to titration with 
0.1 kmol/m-KOH ethanol solution to determine an end 
point when a pale red State of the wax Solution (by the 
phenolphthalein indicator) is kept for 30 sec. 
<Calculation> 
The acid value (AV) of the wax is calculated according to 

the following formula: 

wherein A denotes an acid value (AV) (mgKOH/g) of wax, 
B denotes an amount (ml) of 0.1 kmol/m-KOH ethanol 
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10 
Solution used for titration, f denotes a factor of 0.1 kmol/ 
m-KOH ethanol solution, S denotes a weight (g) of wax, 
and “5.611” means /10 of a formula weight (56.11) of 
potassium hydroxide (KOH). 

Measurement of Hydroxyl Value (HV) 
<Apparatus or Equipments) 
Measuring cylinder (100 ml) 
Whole pipet (5 ml) 
Flat-bottomed flask (200 ml) 
Glycerin bath 

<ReagentS> 
Acetylating reagent (prepared by placing 25 g of acetic 

anhydride in a 100 ml-whole flask together with pyridine so 
as to provide a total volume of 100 ml, followed by sufficient 
Shaking). 

Phenolphthalein Solution (Indicator) 
0.5 kmol/m-potassium Hydroxide (KOH) Solution in 

Ethanol 
<Measurement> 

(a) 0.5-6.0 g of a wax is accurately weighed in a flat 
bottomed flask and to the wax, 5 ml of an acetylating reagent 
is added by using a whole pipet. 

(b) A Small fennel is placed on an opening portion of the 
flask and the wax is heated in a glycerin both kept at 
95-100° C. while immersing the flask in the glycerin bath at 
the bottom in an immersion depth of 1 cm. At that time, the 
neck of the flask is covered with a bored (hollow-circular 
boxboard in order to prevent temperature increase under 
heating at the neck portion of the flask. 

(c) The flask is taken out from the glycerin bath after 1 
hour, followed by cooling at room temperature. After the 
cooling, 1 ml of water is added into the flask via the funnel, 
followed by Shaking to decompose acetic anhydride. 

(d) In order to effect a complete decomposition, the flask 
is heated again on the glycerin bath for 10 min. After 
cooling, the funnel and the inner wall of the flaska rewashed 
with 5 ml of 95 %-ethanol. 

(e) The resultant system is subjected to titration with 0.5 
kmol/m-KOH ethanol solution in the presence of several 
drops of phenolphthalein Solution to determine an end point 
when a pale red State of the System (by the phenolphthalein 
indicator) is kept for 30 sec. 

(f) Separately, the above operations (a) to (e) are per 
formed without adding the wax as a blank test. 

(g) If the Sample wax is not readily dissolved, a Small 
amount of pyridine, Xylene or toluene may be added for 
dissolution. 
<Calculation> 
The hydroxyl value (Hv) of the wax is calculated accord 

ing to the following formula: 

wherein A denotes a hydroxyl value (HV) (mgKOH/g) of 
wax, B denotes an amount (ml) of 0.5 kmol/m-KOH 
ethanol Solution used for the bank test, C denotes an amount 
(ml) of 0.5 kmol/m-KOH ethanol solution used for the 
titration (of wax), f denotes a factor of 0.5 kmol/m-KOH 
ethanol Solution, S denotes a weight (g) of wax, D denotes 
an acid value (AV) of wax, and “28.05” means /3 of a 
formula weight (56.11) of KOH. 

Ester Value (Ev) 
The ester value (EV) (mgKOH/g) of wax is determined 

based on the following formula: 
Ev (mgKOH/g)=Sv (saponification value) (mgKOHIg)- 

Av(mgKOH/) 
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Measurement of Saponification Value (Sv) of Wax 
<Apparatus or Equipments> 

Erlenmeyer flask (200–300 ml) 
Condenser (outer diameter=6-8 mm, length=100 cm, 

glass tube or reflux-condenser capable of being fit into an 
opening portion of Erlenmeyer flask) 

Water bath, sand bath or hot plate (capable of being 
adjusted at ca. 80° C.) 

Buret (50 ml) 
Whole pipet (25 ml) 

<ReagentS> 
0.5 kmol/m-hydrochloric acid (HCl) 
0.5 kmol/m-potassium hydroxide (KbH) solution in etha 

nol 
Phenolphthalein solution 

<Measurement> 
(a) 1.5–3.0 g of a wax is accurately weighed (up to a digit 

of 1 mg) in an Erlenmeyer flask. 
(b) To the wax, 25 m of 0.5 kmol/m-KOH ethanol 

Solution is added by using a whole pipet. 
(c) The Erlenmeyer flask is equipped with a condenser 

and moderately heated for reaction on a after bath, a Sand 
bath or a hot plate while Sometimes Shaking the System. At 
that time, the heating temperature is controlled So that an 
upper (ring) portion of ethanol to be refluxed does not reach 
an upper end of the condenser. 

(d) After the reaction, the System is immediately cooled 
and a Small amount of water or mixture Solution of Xylene/ 
ethanol (=1:3) is blown toward the inner wall of the flask via 
the condenser So as to prevent Solidification of the System in 
a gelatin form. 

(e) The resultant system is subjected to titration with 0.5 
kmol/m-HCl presence of 1 ml of phenolphthalein Solution 
to determine an end point when a pale red State of the System 
(by the phenolphthalein indicator) is kept for ca. 1 min. 

(f) Separately, the above operations (a) to (e) are per 
formed without adding the wax as a blank test. 

(g) If the sample wax is not readily dissolved, a Small 
amount of Xylene or Xylene-ethanol mixture Solvent may be 
preliminarily added for dissolution. 
<Calculation> 
The saponification value (Sv) of the wax is calculated 

according to the following formula: 

wherein A denotes a Saponification value (Sv) (mgKOH/g) 
of wax, B denotes an amount (ml) of 0.5 kmol/m-HCl used 
for the bank test, C denotes an amount (ml) of 0.5 kmol/ 
m-HCl used for the titration (of wax), f denotes a factor of 
0.5 kmol/m HCl solution, S denotes a weight (g) of wax, 
and “28.05” means 4 of a formula weight (56.11) of KOH. 

In the case where an acid value (AV), hydroxyl value (Hv), 
ester value (EV) and Saponification value (Sv) of a wax 
contained in the toner according to the present invention are 
measured, a Sample waX for measurement may be prepared 
by recovering a waxy component from the toner. 

The hydrocarbon wax used in the present invention may 
preferably have a melting point (Tmp) of 65-130° C., more 
preferably 70–125° C., further preferably 75–120° C. 

By using the hydrocarbon wax having a Tmp in the above 
range in the toner of the present invention, it is possible to 
further enhance the plasticizing effect of the wax to the 
toner, thus improving a toner fixability. Further, in the case 
where a fixing member is excessively heated, the hydrocar 
bon wax readily migrates from the inside of toner particles, 
thus improving an anti-offset characteristic at high tempera 
tureS. 
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If the melting point (Tmp) of the hydrocarbon wax is 

below 65 C., an anti-blocking characteristic of the resultant 
toner is liable to be lowered. Above 130 C., a fixing 
performance of the toner is adversely affected in Some cases. 

In the present invention, the melting point (Tmp) of the 
hydrocarbon wax may be measured by using a differential 
scanning calorimeter (“DSC-7”, available from Perkin 
Elmer Corp.) according to ASTM D3418-82. 
A Sample wax in an amount of 0.5-2 mg, preferably 1 mg 

is accurately weighed. The Sample wax is placed on an 
aluminum pan and Subjected to measurement in parallel with 
a blank aluminum pan as a reference. The measurement is 
performed in a temperature range of 10-180° C. at a 
temperature-raising rate of 10 C./min after Subjected to a 
temperature increase from 20° C. to 180° C. at a rate of 10 
C. min and then a temperature decrease from 180° C. to 10 
C. at a rate of 10 C./min. A temperature providing a 
heat-absorption peak measured in the temperature range of 
10-180° C. is taken as a melting point (C.). 
The hydrocarbon wax used in the present invention may 

preferably have a penetration of at most 15, more preferably 
at most 12, further preferably at most 10, in view of an 
improved toner chargeability and a good developing perfor 
mance even in a high temperature/high humidity environ 
ment. 

If the penetration of the hydrocarbon wax is above 15, an 
anti-blocking characteristic of the toner is liable to be 
lowered. 
The penetration of the hydrocarbon wax may be measured 

according to JIS K-2235. 
The hydrocarbon wax may preferably be contained in the 

toner of the present invention in an amount of 0.2-20 wt. 
parts, more preferably 0.5-15 wt. parts, further preferably 
1-15 wt. parts, per 100 wt. parts of the binder resin. 
The hydrocarbon wax used in the present invention may 

preferably have a viscosity at 120° C. of at most 500 mPa.s, 
more preferably at most 200 mPa.s, further preferably at 
most 100 mPa.s, in order to a lower a melt viscosity of the 
toner to provide a good developing performance. 

If the viscosity at 120° C. of the hydrocarbon wax is 
above 500 mPa.s, a fixability of the toner is liable to be 
lowered. 
The viscosity of the hydrocarbon wax may be measured 

according to JIS K-6862-7.2. 
The hydrocarbon wax used in the present invention may 

preferably have a softening point of 65 140 C., more 
preferably 70–130° C., further preferably 75–120° C., in 
View of good fixability, anti-offset characteristic, and anti 
blocking characteristic of the toner. 

If the softening point of the hydrocarbon wax is below 65 
C., the anti-offset characteristic and anti-blocking character 
istic of the toner are liable to be lowered. Above 140 C., the 
fixability of the toner becomes insufficient in Some cases. 
The softening point of the hydrocarbon wax may be 

measured according to JIS K-2207-6.4. 
The hydrocarbon wax used in the present invention may 

be used in combination with another wax including those 
generally known in the art. 

Examples of another wax may include: paraffin waxes and 
their derivatives, montan waxes and their derivatives, micro 
crystalline waxes and their derivatives, Fischer-TropSchwax 
and its derivatives, polyolefin waxes and their derivatives, 
and carnauba wax and its derivatives. Examples of the 
derivatives of the above waxes may be oxidized products, 
block copolymers with vinyl monomer(s) and graft 
modified products. 
Such another wax (used in combination with the hydro 

carbon wax) may preferably be contained in the toner of the 
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present invention in an amount of 0.2–20 wt. parts, more 
preferably 0.5-15 wt. parts, further preferably 1-15 wt. 
parts, per 100 wt. parts of the binder resin. 

Examples of the binder resin constituting the toner of the 
present invention may include Styrene resins, Styrene 
copolymer resins, polyester resins, polyol resins, polyvinyl 
chloride resin, phenolic resin, natural resin-modified phe 
nolic resin, natural resin-modified maleic acid resin, acrylic 
resin, methacrylic resin, polyvinyl acetate, Silicone-resin, 
polyurethane resin, polyamide resin, furan resin, epoxy 
resin, epoxy resin, Xylene resin, polyvinyl butyral, terpene 
resin, coumarone-indene resin, and petroleum resin. 

Examples of comonomers for constituting the Styrene 
copolymers as a preferred class of binder resin together with 
Styrene monomer may include: Styrene derivatives, Such as 
Vinyltoluene, acrylic acid; acrylate esters, Such as methyl 
acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, 
octyl acrylate, 2-ethylhexyl acrylate and phenyl acrylate; 
methacrylic acid; methacrylate esters, Such as methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, and 
octyl methacrylate; maleic acid; dicarboxylic acid esters 
having a double bond, Such as butyl maleate, methyl 
maleate, and dimethyl maleate; acrylamide, acrylonitrile, 
methacrylonitrile, butadiene; Vinylesters, Such as Vinyl 
chloride, Vinyl acetate and Vinyl benzoate, olefins, Such as 
ethylene, propylene and butylene; and vinylketones, Such as 
vinyl methyl ketone and vinyl hexyl ketone. These vinyl 
monomers may be used Singly or in combination of two or 
more Species. 
The toner according to the present invention may prefer 

ably have an acid value of 0.5-100 mgKOH/g, more pref 
erably 0.5-50 mg KOH/g, further preferably 1.0-40 
mgKOH/g. In case where the acid value of the toner is in the 
above-described range, it is possible to further improve a 
dispersibility of the hydrocarbon wax, thus achieving good 
developing performance and Stable developing performance 
over a long period. 

These effects sufficiently exhibited when the acid value of 
the binder resin is 1-100 mgkOH/g, more preferably 1-70 
mgKOH/g, further preferably 1-50 mgKOH/g, particularly 
preferably 2-40 mgKOH/g. 

The acid value of a toner or a binder resin described 
herein are based on values measured in the following 

C. 

<Acid Value Measurement> 
The basic operation is according to JIS K-070. 
1) A toner or a binder resin is pulverized, and 0.5-2.0 g 

of the pulverized Sample is accurately weighed to provide a 
Sample containing W (g) of toner or binder. 

2) The sample is placed in a 300-ml beaker, and 150 ml 
of a toluene/ethanol (4/1) mixture liquid is added thereto to 
dissolve the Sample. 

3) The sample solution is (automatically) titrated with a 
0.1 mol/liter-KOH solution in ethanol by means of a poten 
tiometric titration apparatus (e.g., “AT-400 (win 
workstation)” with an “ABP-410 electromotive buret, 
available from Kyoto Denshi K.K.). 

4) The amount of the KOH solution used for the titration 
is recorded at S (ml), and the amount of the KOH solution 
used for a blank titration is measured and recorded at B (ml). 

5) The acid value is calculated according to the following 
equation: 
Acid value (mgKOH/g)={(S-B)xfx5.61}/W, wherein f 

denotes a factor of the 0.1 mol/liter-KOH solution. 
Examples of monomers for adjusting the acid value of the 

binder resin may include: acrylic acids and C- and B-alkyl 
derivatives, Such as acrylic acid, methacrylic acid, and 
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O-ethylacrylic acid; other unsaturated monocarboxylic 
acids, Such as crotonic acid, cinnamic acid, Vinylacetic acid, 
isocrotonic acid, and angelic acid; and unsaturated dicar 
boxylic acids, Such as fumaric acid, maleic acid, citraconic 
acid, alkenylsuccinic acid, itaconic acid, mesaconic acid, 
dimethylmaleic acid, and dimethylfumaric acid, and their 
monoester derivatives and anhydrides. These monomers 
may be used Singly or in mixture of two or more Species for 
copolymerization with another monomer to obtain a desired 
binder resin. Among these, monoester derivatives of unsat 
urated dicarboxylic acids are particularly preferred for the 
acid value control. 
The monoester derivatives of unsaturated dicarboxylic 

acids may include monoesters of C.f3-unsaturated dicar 
boxylic acids, Such, as monomethyl maleate, monoethyl 
maleate, monobutyl maleate, monooctyl maleate, monoallyl 
maleate, monophenyl maleate, monomethyl fumarate, 
monoethyl fumarate, monobutyl fumarate and monophenyl 
fumarate; and monoesters of alkenyldicarboxylic acids, Such 
as monobutyl n-bute nylsuccinate, monomethyl 
n-octenylsuccinate, monoethyl n-butenylmalonate, monom 
ethyl n-do de ce nylglutarate, and monobutyl 
n-butenyladipate. 

Such a carboxyl group-containing monomer may be 
added in 0.1-20 wt. parts, preferably 0.2-15 wt. parts per 
100 wt. parts of the total monomers for constituting the 
binder resin. 
The above-mentioned monoester of dicarboxylic acid is 

preferred because it is an ester which has a low Solubility in 
aqueous dispersion medium and a high Solubility in an 
organic Solvent or another monomer. 
The toner binder resin or binder resin composition used in 

the present invention may preferably have a glass transition 
temperature (Tg) of 45–80° C., preferably 50–70° C., in 
view of the storability of the resultant toner. In case of a Tg 
below the above-mentioned range, the resultant toner is 
liable to be degraded in a high temperature environment and 
cause offsetting at the time of fixation. If the Tg is higher 
than the above range, the resultant toner is liable to exhibit 
an inferior fixability. 
The binder resin for constituting the toner of the present 

invention may be produced through a polymerization 
process, Such as Solution polymerization, emulsion polymer 
ization and Suspension polymerization. 

In the emulsion polymerization process, a monomer 
almost insoluble in water is dispersed as minute particles in 
an aqueous phase with the aid of an emulsifier and is 
polymerized by using a water-Soluble polymerization initia 
tor. According to this method, the control of the reaction 
temperature is easy, and the termination reaction Velocity is 
Small because the polymerization phase (an oil phase of the 
vinyl monomer possibly containing a polymer therein) con 
Stitutes a separate phase from the aqueous phase. As a result, 
the polymerization Velocity becomes large and a polymer 
having a high polymerization degree can be prepared easily. 
Further, the polymerization proceSS is relatively simple, the 
polymerization product is obtained in fine particles, and 
additives Such as a colorant, a charge control agent and 
others can be blended easily for toner production. Therefore, 
this method can be advantageously used for production of a 
toner binder resin. 

In the emulsion polymerization, however, the emulsifier 
added is liable to be incorporated as an impurity in the 
polymer produced, and it is necessary to effect a post 
treatment Such as Salt-precipitation in order to recover the 
product polymer at a high purity. The Suspension polymer 
ization is more convenient in this respect. 
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The Suspension polymerization may preferably be per 
formed by using at most 100 wt. parts, preferably 10-90 wt. 
parts, of a monomer (mixture) per 100 wt. parts of water or 
an aqueous medium. The dispersing agent may include 
polyvinyl; alcohol, partially Saponified form of polyvinyl 
alcohol, and calcium phosphate, and may preferably be used 
in an amount of 0.05-1 wt. part per 100 wt. parts of the 
aqueous medium. The polymerization temperature may Suit 
ably be in the range of 50–95 C. and selected depending on 
the polymerization initiator used and the objective polymer. 

The binder resin may preferably be produced in the 
presence of a polyfunctional polymerization initiator and/or 
a monofunctional polymerization initiator, as enumerated 
hereinbelow. 

Specific examples of the polyfunctional polymerization 
initiator may include polyfunctional polymerization initia 
tors having at least two functional groups having a 
polymerization-initiating function, Such as peroxide groups, 
per molecule, inclusive of 1,1-di-t-butylperoxy-3,3,5- 
trimethylcyclohexane, 1,3-bis-(t-butylperoxyisopropyl) 
benzene, 2,5-dimethyl-2,5-(t-butylperoxy) hexane, 2,5- 
dimethyl-2,5-di-(t-butylperoxy) he xine-3, tris(t- 
butylperoxy)-triazine, 1,1-di-t-butylperoxycyclohexane, 
2,2-di-t-butylperoxybutane, 4,4-di-t-butylperXyValeric acid 
n-butyl ester, di-t-butylperoxyhexahydroterephthalate, di-t- 
butylperoxyaZelate, di-t-butylperoxytrimethyl-adipate, 2,2- 
bis-(4,4-di-t-butylperoxycyclohexyl)-propane, 2,2-t- 
butylperoxyoctane and various polymer oxides, and 
polyfunctional polymerization initiators having both a 
polymerization-initiating functional group, Such as peroxide 
group, and a polymerizable unsaturation group in one 
molecule, Such as dially lperoxydicarbonate, 
t-butylperoxymaleic acid, t-butylperoxyallylcarbonate, and 
t-butylperoxyisopropylfumarate. 
Among these, particularly preferred examples may 

include 1,1-di-t-butylperoxy-3,3,5-trimethylcyclohexane, 
1,1-di-t-butyl per o Xy cyclohe Xane, di -t- 
butyl per o Xy he X a hydro te rephth a late, di-t- 
butyl per o Xy a Zelate, 2,2-bis(4,4-di-t- 
butylp eroxy cyclohexyl)-prop a ne, and 
t-butylperoxyallylcarbonate. 

These polyfunctional polymerization initiators may pref 
erably be used in combination with a monofunctional poly 
merization initiator, more preferably with a monofunctional 
polymerization initiator having a 10 hour-halflife tempera 
ture (a temperature providing a halflife of 10 hours by 
decomposition thereof) which is lower than that of the 
polyfunctional polymerization initiator, So as to provide a 
toner binder resin Satisfying various requirements in com 
bination. 

Examples of the monofunctional polymerization initiator 
may include organic peroxides, Such as benzoyl peroxide, 
1,1-di(t-butylperoxy)-3,3,5-trimethylcyclohexane, n-butyl 
4,4-di(t-butylperoxy)-Volerate, dicumyl peroxide, O.C.-bis(t- 
butylperoxy-diisopropyl)benzene, t-butylperoxycumene and 
di-t-butyl peroxide; and azo and diazo compounds, Such as 
aZobisisobutyronitrile, and diazoaminoaZobenzene. 
The monofunctional polymerization initiator can be 

added to the monomer simultaneously with the above 
mentioned polyfunctional polymerization initiator but may 
preferably be added after lapse of a polymerization time 
which exceeds the halflife of the polyfunctional polymer 
ization initiator, in order to appropriately retain the initiator 
efficiency of the polyfunctional polymerization initiator. 

The above-mentioned polymerization initiators may pref 
erably be used in an amount of 0.05-2 wt. parts per 100 wt. 
parts of the monomer in view of the efficiency. 
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It is also preferred that the binder resin has been 

crosslinked with a crosslinking monomer as enumerated 
hereinbelow. 
The crosslinking monomer may principally be a monomer 

having two or more polymerizable double bonds. Specific 
examples thereof may include: aromatic divinyl compounds, 
Such as divinylbenzene and divinylnaphthalene; diacrylate 
compounds connected with an alkyl chain, Such as ethylene 
glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4- 
butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6- 
hexanediol diacrylate, and neopentylglycol diacrylate, and 
compounds obtained by Substituting methacrylate groups for 
the acrylate groups in the above compounds, diacrylate 
compounds connected with an alkyl chain including an ether 
bond, Such as diethylene glycol diacrylate, triethylene glycol 
diacrylate, tetraethylene glycol diacrylate, polyethylene gly 
col #400 diacrylate, polyethylene glycol #600 diacrylate, 
dipropylene glycol diacrylate and compounds obtained by 
Substituting methacrylate groups for the acrylate groups in 
the above compounds, diacrylate compounds connected 
with a chain including an aromatic group and an ether bond, 
Such as polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl) 
propane diacrylate, polyoxyethylene (4)-2,2-bis(4- 
hydroxyphenyl)-propanediacrylate, and compounds 
obtained by Substituting methacrylate groups for the acrylate 
groups in the above compounds, and polyester-type diacry 
late compounds, Such as one known by a trade name of 
MANDA (available from Nihon Kayaku K.K.). Polyfunc 
tional crosslinking agents, Such as pentaerythritol 
triacrylate, trimethylethane triacrylate, tetramethylol 
methane tetracrylate, oligoester acrylate, and compounds 
obtained by Substituting methacrylate groups for the acrylate 
groups in the above compounds, triallyl cyanurate and 
triallyl trimellitate. 

These crosslinking monomerS may preferably be used in 
a proportion of 0.00001-1 wt. part, particularly about 
0.001-0.05 wt. part, per 100 wt. parts of the other monomer 
components. 
Among the above-mentioned crosslinking monomers, 

aromatic divinyl compounds (particularly, divinylbenzene) 
and diacrylate compounds connected with a chain including 
an aromatic group and an ether bond may Suitably be used 
in a toner resin in View of fixing characteristic and anti-offset 
characteristic. 

Other polymerization processes, Such as bulk polymer 
ization and Solution polymerization can also be utilized. The 
bulk polymerization allows production of a low-molecular 
weight polymer by adopting a high polymerization tempera 
ture providing an accelerated termination reaction Speed, but 
the reaction cannot be controlled easily. In contrast thereto, 
according to the Solution polymerization process, a polymer 
having a desired molecular weight can be produced easily 
under moderate conditions by utilizing the radical chain 
transfer function of the Solvent and by adjusting the poly 
merization initiator amount or reaction temperature, So that 
the Solution polymerization proceSS is preferred. It is also 
effective to perform the Solution polymerization under an 
elevated pressure, So as to Suppress the amount of the 
polymerization initiator to the minimum and SuppreSS the 
adverse effect of the residual polymerization initiator. 

For providing the binder resin (composition) used in the 
present invention, it is possible to rely on various methods, 
inclusive of a Solution blending method wherein a high 
molecular weight polymer and a low-molecular weight 
polymer are Separately produced and are blended in a 
solution state, followed by removal of the solvent; a dry 
blending method of melt-kneading a high-molecular weight 
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polymer and a low-molecular weight polymer in, e.g., an 
extruder; and a two-step polymerization method wherein a 
low-molecular weight polymer prepared by, e.g., Solution 
polymerization is dissolved in a monomer for constituting a 
high-molecular weight polymer, and the resultant mixture is 
Subjected to Suspension polymerization, followed by wash 
ing and drying of the polymerizate to provide a resin 
composition. The dry blending method has left room for 
improvement in uniform dispersibility and mutual Solubility. 
The two-step polymerization proceSS is advantageous for 
realizing uniform dispersion, but is accompanied with a 
difficulty that an unnecessary low-molecular weight com 
ponent is liable to be by-produced. The solution blending 
method is free from such a problem and allows the inclusion 
of the low-molecular weight component in a larger amount 
than the high-molecular weight component, So that it is most 
preferred. For the purpose of providing the low-molecular 
weight component with a prescribed acid value, it is pre 
ferred to rely on the solution polymerization which allows 
easier Setting of the acid value than in the aqueous-System 
polymerization. 

Further, in the case of using a polyester resin in the binder 
resin, the polyester resin may have a composition as 
described below. 

Examples of an alcohol component may include: diols, 
Such as ethylene glycol, propylene glycol, 1,3-butanediol, 
1,4-butanediol, 2,3-butanediol, diethylene glycol, triethyl 
ene glycol, 1,5-pentanediol, 1,6-hexanediol, neopentyl 
glycol, 2-ethyl-1,3-hexanediol, hydrogenated bisphenol A, 
bisphenols and derivatives represented by the following 
formula (A): 

(A) 

CH 

-o-o-O-O-o-o- 
CH 

wherein R denotes an ethylene or propylene group, X and 
y are independently an integer of at least 0 with the 
proviso that the average of X-y is in the range of 0-10; 
diols represented by the following formula (B): 

-o-o-O-o-o- 
(B) 

wherein R' denotes 

CH th 
-CHCH-, -CH-CH- or —cil-- 

CH 

and X’ and y are independently an integer of at least 0 
with the proviso that the average of X'+y' is in the range 
of 0-10. 

Examples of a dibasic acid may include dicarboxylic 
acids and derivatives thereof inclusive of aromatic dicar 
boxylic acids, Such as phthalic acid, terephthalic acid and 
isophthalic acid, and their anhydrides, alkyldicarboxylic 
acids, Such as Succinic acid, adipic acid, Sebacic acid and 
aZelaic acid, and their anhydrides and lower alkyl esters 
thereof; alkenyl- or alkyl-Succinic acids, Such as 
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n-dodecenylsuccinic acid and n-dodecylsuccinic acid, and 
their anhydrides and lower alkyl esters thereof, and unsat 
urated dicarboxylic acids, Such as fumaric acid, maleic acid, 
citraconic acid and itaconic acid, and their anhydrides and 
lower alkyl esters thereof. 

It is preferred to also include a polyhydric alcohol com 
ponent having at least three hydroxyl groups and/or a 
polycarboxylic acid component having at least three car 
boxyl groups. 

Examples of the polyhydric alcohol having at least three 
hydroxyl groups may include: Sorbitol, 1,2,3,6-hexanetetrol, 
1,4-Sorbitan, pentaerythritol, dipentaerythritol, 
tripentaerythritol, 1,2,4-butane triol, 1,2,5-pentanetriol, 
glycerol, 2-methylpropanetriol, 2-methyl-1,2,4-butanetriol, 
trimethylolethane, trimethylolpropane, -and 1,3,5- 
trihydroxybenzene. 

Examples of the polycarboxylic acid having at least three 
carboxyl groups may include polycarboxylic acids and 
derivatives thereof inclusive of trimelitic acid, pyromellitic 
acid, 1,2,4-benzene tricarboxylic acid, 1,2,5- 
benzenetricarboxylic acid, 2,5,7-naphthalenetricarboxylic 
acid, 1,2,4-naphthalene tricarboxylic acid, 1,2,4- 
butanetricarboxylic acid, 1,2,5-hexanetricarboxylic acid, 
1,3-dicarboxyl-2-methyl-2-methylenecarboxypropane, tetra 
(methylene carboxyl)me thane, 1,2,7,8- octane - 
tetracarboxylic acid, Empole trimer acid, and anhydrides 
and lower alkyl esters of these, and tetracarboxylic acids 
represented by the following formula, and anhydrides and 
lower alkyl esters thereof: 

HOOCCH-X-CHCOOH 

HOOCCH2 CHCOOH, 

wherein X denotes an alkylene group or alkenylene group of 
5-30 carbon atoms having at least one side chain of at least 
one carbon atom. 

It is preferred that the alcohol component(s) may occupy 
40-60 mol. 96, preferably 45-55 wt. %, and the acid 
component(s) may occupy 60–40 mol.%, preferably 55-45 
mol. 76, respectively, of the polyester forming monomers 
components. It is preferred that the polyhydric alcohol 
having at least three hydroxyl groups may occupy 5-60 mol. 
% of the total components. Similarly, it is preferred that the 
polycarboxylic acid having at least three carboxyl group 
may occupy 5-60 mol. 9% of the total components. 
The polyester resin may be produced through an ordinary 

polycondensation process. 
The toner according to the present invention may prefer 

ably contain a negative or positive charge control agent. 
Examples of the negative charge control agent may 

include: organic metal complexes and chelate compounds 
inclusive of monoaZO metal complexes acetylacetone metal 
complexes, and organometal complexes of aromatic 
hydroxycarboxylic acids and aromatic dicarboxylic acids. 
Other examples may include aromatic hydroxycarboxylic 
acids, aromatic mono- and poly-carboxylic acids, and their 
metal Salts, anhydrides and esters, and phenol derivatives, 
Such as bisphenols. Among the above, a monoaZO metal 
complex represented by the formula (1) below is preferred. 
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(1) 
s 

Air-NEN-Air 
M 

Yi N/ 
M 

X 

Y X 
/ 

wherein M is a central metal of coordination, Such as Sc, Ti, 
V, Cr, Co, Ni, Min or Fe, Ar is an aryl group, Such as phenyl 
or naphthyl, capable of having a Substituent, Such as nitro 
group, halogen, carboxyl group, anilide group, an alkyl 
group having 1-18 carbon atoms, or an alkoxy group having 
1-18 carbon atoms; X, X, Y and Y independently denote 
O-,-CO-, -NH-or -NR-(R=C alkyl); and 

A is hydrogen, ion, Sodium ion, potassium ion, ammonium 
ion, aliphatic ammonium ion, or an ion mixture of these 
OS. 

In the above formula (1), M may preferably be Fe or Cr 
and the Substituent for Argroup may preferably be halogen, 
alkyl group or anilide group. Further, the counter ion A 
may preferably be hydrogen ion, alkaline metalion, ammo 
nium ion or aliphatic ammonium ion. In addition, a mixture 
of complex Salts having different counter ions may prefer 
ably be used. 
AS the negative charge control agent, it is also preferred 

to use a basic organic acid metal complex represented by the 
following formula (2): 

(2) 
O 

z - 1 N. y 1. N 
Q - (A) c-o1 N-1 

(H2O) 
O YE 

wherein M is a central metal of coordination, Such as Cr, 
Co, Ni, Mn, Fe, Zn, Al, Si, or B; A is 

(optionally having an alkyl Substituent), 

x-GGO , 
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-continued 

s-OOOO 
(where X is hydrogen, halogen, nitro group or alkyl 

group) and 

33. 
o6. 

(where R is hydrogen or C is alkyl group or C is 
alkenyl group); Y is hydrogen ion, Sodium ion, potas 
Sium ion, ammonium ion, aliphatic ammonium ion or 
an ion mixture of these ions, and Z is -O- or 

O 

-C-O- 

In the above formula (2), M may preferably be Fe, Cr, Si, 
Zn or Al and the substituent for A may preferably be alkyl 
group, anilide group, aryl group or halogen. Further, the 
counterion Y may preferably be hydrogen ion, ammonium 
ion or aliphatic ammonium ion. 

Examples of the positive charge control agents may 
include: nigrosine and modified products thereof with ali 
phatic acid metal Salts, etc., onium Salts inclusive of qua 
ternary ammonium Salts, Such as tributylbenzylammonium 
1-hydroxy-4-naphtholsulfonate and tetrabutylammonium 
tetrafluoroborate, and their homologous inclusive of phos 
phonium Salts, and lake pigments thereof; triphenylmethane 
dyes and lake pigments thereof (the laking agents including, 
e.g., phosphotungstic acid, phosphomolybdic acid, phospho 
tungsticmolybdic acid, tannic acid, lauric acid, gallic acid, 
ferricyanates, and ferrocyanates); higher aliphatic acid metal 
Salts, diorganotin oxides, Such as dibutyltin oxide, dioctyltin 
oxide and dicyclohexyltin oxide; diorganotin borates, Such 
as dibutyltin borate, dioctyltin borate and dicyclohexyltin 
borate, guanidine compounds, and triphenylmethane com 
pounds. These may be used Singly or in mixture of two or 
more Species. Among these, triphenylmethane compounds 
and quaternary ammonium Salts free from halogen as a 
counter ion are preferred. 

It is also possible to use a homopolymer of a monomer 
represented by the following formula (3): 
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(3) 

CHFC R2 
M 

COOCHN 

R 

wherein R is H or CH, and R and Reach is a substituted 
and unsubstituted alkyl group (preferably having 1-4 carbon 
atoms), or a copolymer of the above monomer with another 
(polymerizable) monomer described above, Such as Styrene, 
acrylate or methacrylate, as the positive charge control 
agent. In this case, the homopolymer or the copolymer may 
function as both of the charge control agent and (a part of or 
total of) the binder resin. 

In the present invention, as the positive charge control 
agent, it is particularly preferred to use a triphenylmethane 
compound represented by the following formula (4): 

(4) 

R1 R3 

, a. 
R21 6 Q n R4 

-- 
C 8 A9 

R 

N 
R51 YR6 

wherein R' to R' may be the same or different from each 
other and independently represent hydrogen, a Substituted or 
unsubstituted alkyl group or a Substituted or unsubstituted 
aryl group; R7 to R' may be the same or different from each 
other and independently represent hydrogen, halogen, alkyl 
group or alkoxy group; and A represents an anion, Such as 
Sulfate ion, nitrate ion, borate ion.phosphate ion, hydroxyl 
ion, organic Sulfate ion, organic Sulfonate, organic phos 
phate ion, carboxylate ion, organic borate ion or tetrafluo 
roborate. 

The above-mentioned charge control agent may be inter 
nally or externally added in toner particles in an appropriate 
amount while taking the type of the binder resin, presence or 
absence of other additives and a toner production method 
including a dispersion method into consideration. The 
charge control agent may preferably be contained in an 
amount of 0.1-10 wt. parts, more preferably 0.1-5 wt. parts, 
per 100 wt. parts of the binder resin. 

The toner of the present invention may be used as a 
magnetic (mono-component) toner by incorporating a mag 
netic material in the toner. The magnetic material used for 
this purpose may for example comprise: an iron oxide Such 
as magnetite, maghemite or ferrite; a metal, Such as iron, 
cobalt or nickel, or an alloy of these metals with another 
metal, Such as aluminum, cobalt, copper, lead, magnesium, 
tin, Zinc, antimony, beryllium, bismuth, cadmium, calcium, 
manganese, Selenium, titanium, tungsten or Vanadium. It is 
preferred that the magnetic material contains a non-iron 
element at the Surface or inside of the particles thereof. 

The magnetic particles may preferably have a number 
average particle size of 0.05-1.0 lim, more preferably 
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0.1-0.5 um, and a BET specific area of 2–40 m/g, more 
preferably 4–20 m /g. The magnetic particles may assume 
an arbitrary particle shape without particular restriction. The 
magnetic particles may preferably have magnetic properties 
including a saturation magnetization of 10–200 Am/kg, 
more preferably 70–100 Am/kg, as measured under a 
magnetic field of 795.8 kA/m, a residual magnetization of 
1-100 Am/kg, more preferably 2–20 Am/kg, and a coer 
cive force of 1-30 kA/m, more preferably 2-15 kA/m. The 
magnetic material may preferably be used in 20-200 wt. 
parts, more preferably 40-150 wt. parts, per 100 wt. parts of 
the binder resin. 
The number-average particle size of magnetic particles 

may be determined by taking enlarged photographs taken 
through a transmission electron microScope and processing 
images of particles on the enlarged photographs by a 
digitizer, etc., to determine a particle size distribution and a 
number-average particle Size therefrom. Further, the mag 
netic properties described herein are based on values mea 
sured by applying an external magnetic field of 795.8 kA/m 
by using a vibrating sample-type magnetometer (“VSM-3S 
15', available from Tosei Kogyo K.K.). The specific surface 
areas are based on values measured according to the BET 
multi-point method using nitrogen gas as adsorbent on a 
Sample Surface by using a specific Surface area meter 
(“Autosorb 1', available from Yuasa Ionics K.K.). 
The toner according to the present invention contains a 

colorant. Examples thereof may include appropriate pig 
ments and dyes. Examples of the pigments may include 
carbon black, an aniline black, acetylene black, Naphthol 
Yellow, Hansa Yellow, Rhodamine Lake, Alizarin Lake, 
cokothar Phthalocyanine Blue, and Indanthrene Blue. These 
pigments may be used in an amount necessary and Sufficient 
to provide a fixed image with a desired optical density, e.g., 
in 0.1-20 wt. parts, preferably 0.2-10 wt. parts per 100 wt. 
parts of the binder resin. For a similar purpose, a dye may 
be used, and examples thereof may include: azo dyes, 
anthraquinone dyes, Xanthene dyes and methine dyes. The 
dye may be added in 0.1-20 wt. parts, preferably 0.3-10 wt. 
parts per 100 wt. parts of the binder resin. 

In the toner of the present invention, it is preferred to 
externally add hydrophillic or hydrophobic inorganic fine 
powder. Examples of Such inorganic fine powder may 
include: Silica fine powder, titanium oxide fine powder, and 
hydrophobized products thereof. These fine powders may be 
used singly or in mixture of two or more Species thereof. 

Silica fine powder may be dry process Silica (Sometimes 
called fumed Silica) formed by vapor phase oxidation of a 
Silicon halide or wet proceSS Silica formed from water glass. 
However, dry process Silica is preferred because of fewer 
Silanol groups at the Surface and inside thereof and also 
fewer production residues (such as Na-O and SO). 

Silica fine powder may preferably be made hydrophobic 
through a hydrophobization treatment. Such a hydrophobi 
Zation treatment may be effected by treating Silica fine 
powder with a chemical agent, Such as an organosilicon 
compound, reactive with or physically adsorbable by Silica 
fine powder. A preferred example of hydrophobization pro 
ceSS may comprise treating dry proceSS Silica fine powder 
formed through vapor-phase oxidation of a Silicon halide 
with a Silane compound and, thereafter or Simultaneously 
there with, treating the Silica fine powder with an organosili 
con compound, Such as Silicone oil. 

Examples of Such a Silane compound used for the hydro 
phobization may include hexamethyl disila Zane, 
trime thylsilane, trime thylchloro Silane, 
trimethylethoxy Silane, dimethyldichlorosilane, 
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methyltrichlorosilane, allyldimethylchlorosilane, 
allylphenyldichlorosilane, benzyldimethylchlorosilane, 
bromo methyldimethylchlorosilane, C.-chloroethyl 
trichlorosilane, B-chloroethyltrichlbrosilane, 
chloromethyldimethylchlorosilane, triorganosilyl mercap 
tans Such as trimethylsilylmercaptain, triorganosilyl 
a cry late S, Vinyl dimethylace to Xy Silane, 
dimethylethoxysilane, dimethyldimethbxysilane, 
diphenyldiethoxysilane, hexamethyldisiloxane, 1,3- 
divinyltetramethyldisiloxane, and 1,3-diphenyltetra methyl 
disiloxane. These may be used alone or as a mixture of two 
or more compounds. 

Silicone oil as a preferred class of organoSilicon com 
pound for hydrophobization may preferably have a Viscosity 
at 25° C. of ca. 30–1,000 mm /S. Particularly preferred 
examples thereof may include: dimethylsilicone oil, meth 
ylphenylsilicone oil, C.-methylstyrene-modified Silicone oil, 
chlorophenylsilicone oil, and fluorine-containing Silicone 
oil. 

The Silicone oil treatment may be performed, e.g., by 
directly blending Silica fine powder preliminarily treated 
with a Silane compound and Silicone oil by means of a 
blender Such as a Henschel mixer, by Spraying Silicone oil 
onto base Silica fine powder; or by dissolving or dispersing 
Silicone oil in an appropriate Solvent and adding thereto base 
silica fine powder for blending, followed by removal of the 
Solvent. 

In a preferred embodiment of hydrophobization 
treatment, Silica fine powder is preliminarily treated Succes 
sively with dimethyldichlorosilane and hexamethyldisila 
Zane an then is treated with Silicone oil. Such a hydropho 
bization treatment that Silica fine powder is once treated with 
two or more species of Silane compounds and then with 
Silicone oil is preferred because a degree of hydrophobiza 
tion can be effectively increased. 
The above-mentioned hydrophobization treatment (with 

Silane compound(s) and Silicone oil) for Silica fine powder 
may be applied to titanium oxide fine powder. 

The toner according to the present invention may further 
contain other external additives, as desired, in addition to 
Silica fine powder and titanium oxide fine powder. 

Examples of Such external additives may include: resin 
ous fine particles and inorganic fine particles functioning as 
a charging aid, a conductivity-imparting agent, a 
flowability-improving agent, an anti-caking agent, a release 
agent at the time of hot roller fixation, a lubricant, and an 
abrasive. 
The resinous fine particles may preferably have an aver 

age particle size of 0.03-1.0 lum. 
Examples of a monomer for providing a resin of the 

resinous fine particles may include: Styrene, Styrene 
derivatives, Such as O-methylstyrene, m-methylstyrene, 
p-methylstyrene, p-methoxystyrene, and p-ethylstyrene; 
methacrylic acid; acrylic acid, methacrylates, Such as methyl 
methacrylate, ethyl methacrylate, n-propyl methacrylate, 
n-butyl methacrylate, isobutyl methacrylate, n-octyl 
methacrylate, dodecyl methacrylate, 2-ethylhexyl 
methacrylate, Stearyl methacrylate, phenyl methacrylate, 
dimethylaminoethyl methacrylate, and diethylaminoethyl 
methacrylate; acrylates, Such as methyl acrylate, ethyl 
acrylate, n-butyl acrylate, isobutyl acrylate, n-propyl 
acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl 
acrylate, Stearyl acrylate, 2-chloroethyl acrylate, and phenyl 
acrylate; acrylonitrile, methacryronitrile, and acrylamide. 
These vinyl monomers may be used singly or in combina 
tion of two or more species. 

The above monomer(s) may be polymerized through, e.g., 
Suspension polymerization, emulsion polymerization or 
Soap-free polymerization, preferably Soap-free polymeriza 
tion. 
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Examples of other fine particles may include: those of 

lubricants, Such as polytetrafloroethylene (teflon), Zinc 
Stearate, polyvinylidene fluoride (of which polyvinylidene 
fluoride is preferred); those of abrasives, Such as cerium 
oxide, Silicon carbide, Strontium titanate (of which Strontium 
titanate is preferred); those of flowability-improving agents, 
Such as titanium oxide and aluminum oxide (of which 
hydrophobic fine particles thereof are particularly 
preferred); those of anti-caking agents, and those of 
conductivity-imparting agents, Such as carbon black, Zinc 
oxide, antimony oxide, and tin oxide. 

Further, it is also possible to use a Small amount of white 
or black fine particles having a polarity opposite to that of 
the toner, as a developing characteristic-improving agent. 
The above-described fine particles (including the resinous 

fine particles, inorganic fine particles, and hydrophobic 
inorganic fine particles) to be blended with the toner may 
preferably be used in an amount of 0.1-5 wt. parts, more 
preferably 0.1-3 wt. parts per 100 wt. parts of the toner. 
The toner of the present invention may preferably have a 

weight-average particle size (D4) of 2.5-10 um, thus exhib 
iting its performances Sufficiently. 
The particle size distribution and weight-average particle 

Size (D4) may be measured according to the Coulter counter 
method, e.g., by using Coulter Multisizer (=trade name, 
available from Coulter Electronics Inc.). 

In the measurement, a 1%-NaCl acqueous Solution may be 
prepared by using a reagent-grade Sodium chloride as an 
electrolytic solution. It is also possible to use ISOTON R-II 
(available from Coulter Scientific Japan K.K.). Into 100 to 
150 ml of the electrolytic solution, 0.1 to 5 ml of a 
Surfactant, preferably an alkylbenzeneSulfonic acid Salt, is 
added as a dispersant, and 2 to 20 mg of a Sample is added 
thereto. The resultant dispersion of the Sample in the elec 
trolytic liquid is Subjected to a dispersion treatment for about 
1-3 minutes by means of an ultraSonic disperser, and then 
Subjected to measurement of particle Size distribution in the 
range of at least 2 um by using the above-mentioned 
apparatus with a 100 um-aperture to obtain a Volume-basis 
distribution and a number-basis distribution. The weight 
average particle size (D) may be obtained from the Volume 
basis distribution by using a central value as a representative 
value for each channel. 
The following 13 channels are used: 2.00-2.52 um; 

2.52-3.17 um; 3.17-400 um; 400–5.04 um; 5.04–6.35um; 
6.35-8.00 um; 8.00-10.08 um; 10.08-12.70 um; 
12.70–16.00 um; 16.00–20.20 um; 20.20–25.40 um; 
25.40-32.00 tum; 32.00-40.30 lum. For each channel, a 
lower limit value is included, and an upper limit value is 
excluded. 
The toner of the present invention may also be used in a 

two-component developer in combination with a carrier. 
Examples of the carrier may be known carrier particles of 
metals, Such as Surface-Oxidized or unoxidized iron, nickel, 
cobalt, manganese, chromium and rare earth metals, and 
their alloys and oxides. The carrier particles may preferably 
have 20-300 um and be coated with a resinous layer of 
Styrene resin, acrylic resin, Silicone resin, fluorine 
containing resin or polyester resin. 
The toner according to the present invention may prefer 

ably be produced through a pulverization process wherein 
the toner ingredients as mentioned above are Sufficiently 
blended in a blender, such as a ball mill, melt-kneaded by hot 
kneading means, Such as a hot roller, a kneader and an 
extruder, Solidified by cooling, mechanically pulverized by 
a pulverizer and classified by a classifier to obtain toner 
particles. However, it also possible to rely on a polymeriza 



US 6,458,499 B1 
25 

tion toner production proceSS wherein a monomer for con 
Stituting a binder resin is mixed with other toner ingredients 
to form a polymerizable composition, and the composition 
is Subjected to polymerization in an aqueous medium, pref 
erably Suspension polymerization; a proceSS for producing a 
microcapsule toner comprising a core and a shell, at least 
one of which contains prescribed toner components, and a 
proceSS for dispersing in a binder resin Solution other toner 
ingredients and Spray-drying the resultant mixture. The 
thus-obtained toner particles may be blended with desired 
external additives by a blender, Such as a Henschel mixer to 
obtain a toner according to the present invention. 

Various machines are commercially available for the 
above process. Several examples thereof are enumerated 
below together with the makers thereof. For example, the 
commercially available blenders may include: Henschel 
mixer (mfd. by Mitsui Kozan K.K.), Super Mixer (Kawata 
K.K.), Conical Ribbon Mixer (Ohkawara Seisakusho K.K.); 
Nautamixer, Turbulizer and Cyclomix (Hosokawa Micron 
K.K.); Spiral Pin Mixer (Taiheiyo Kiko K.K.), Lodige Mixer 
(Matsubo Co. Ltd.). The kneaders may include: Buss 
Cokneader (Buss Co.), TEM Extruder (Toshiba Kikai K.K.), 
TEX Twin-Screw Kneader (Nippon Seiko K.K.), PCM 
Kneader (Ikegai Tekko K.K.); Three Roll Mills, Mixing Roll 
Mill and Kneader (Inoue Seisakusho K.K.), Kneadex 
(Mitsui Kozan K.K.); MS-Pressure Kneader and Kneader 
Suder (Moriyama Seisakusho K.K.), and Bambury Mixer 
(Kobe Seisakusho K.K.). As the pulverizers, Cowter Jet 
Mill, Micron Jet and Inomizer (Hosokawa Micron K.K.); 
IDS Mill and PJMJet Pulverizer (Nippon Pneumatic Kogyo 
K.K.); CrossJet Mill (Kurimoto Tekko K.K.), Ulmax (Nisso 
Engineering K.K.), SK Jet O. Mill (Seishin Kigyo K.K.), 
Krypron (Kawasaki Jukogyo K.K.), and Turbo Mill (Turbo 
Kogyo K.K.). As the classifiers, Classiell, Micron Classifier, 
and Spedic Classifier (Seishin Kigyo K.K.), Turbo Classifier 
(Nisshin Engineering K.K.); Micron Separator and Tur 
boplex (ATP); Micron Separator and Turboplex (ATP); TSP 
Separator (Hosokawa Micron K.K.); Elbow Jet (Nittetsu 
Kogyo K.K.), Dispersion Separator (Nippon Pneumatic 
Kogyo K.K.), YM Microcut (Yasukwa Shoji K.K.). As the 
Sieving apparatus, Ultrasonic (Koei Sangyo K.K.), ReZona 
Sieve and Gyrosifter (Tokuju Kosaku K.K.), Ultrasonic 
System (Dolton K.K.), Sonicreen (Shinto Kogyo K.K.), 
Turboscreener (Turbo Kogyo K.K.), Microshifter (Makino 
Sangyo K.K.), and circular vibrating sieves. 

Hereinafter, the present invention will be described more 
Specifically based on Examples, which however should not 
be understood to restrict the Scope of the present invention 
in any way. In the following Examples, "part(s) means 
“part(s) by weight”. 

WAX PRODUCTION EXAMPLE 1. 

1000 g of a Fischer-Tropsch wax (Mn=718, average 
carbon number=50.5) as a starting material was placed in a 
cylindrical reaction vessel of glass and heated up to 120° C. 
while blowing nitrogen gas into the reaction vessel at a rate 
of 3 liter/min. 

After addition of 26.3 g (0.41 mol) of a mixture of boric 
acid/boric anhydrides (=1.45 in molar ratio), the System was 
subjected to reaction at 180° C. for 2.5 hours while blowing 
thereinto air at a rate of 21 liter/min. and nitrogen gas at a 
rate of 16 liter/min. in combination. 

After the reaction, to the reaction mixture, an equivalent 
amount of water was added, thus effecting hydrolysis of the 
reaction mixture. After the hydrolysis, the mixture was 
leftstanding to recover a waxy component as an upper phase, 
followed by drying of the waxy component to obtain Wax 1. 
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26 
Wax 1 showed a hydroxyl value (Hv) of 59.1 mgKOH/g, 

an ester value (EV) of 14.2 mgKOH/g, an acid value (AV) of 
8.3 mgKOH/g, a melting point (Tmp) of 91° C., a penetra 
tion of 6, a Viscosity of 12.7 mPa.S, a Softening point (Tsp) 
of 93° C., and Mn of 616. 

Synthesis conditions and physical properties of Wax 1 are 
Summarized in Table 1 appearing hereinafter. 

WAX PRODUCTION EXAMPLE 2 

Wax 2 (Mn=1230) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of polyeth 
ylene wax (Mn=1450) was used and the addition amount of 
boric acid/boric anhydride mixture and the reaction time 
were changed. 

The synthesis conditions and physical properties of Wax 
2 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 3 

Wax 3 (Mn=324) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of paraffin 
wax (Mn=397) was used and the addition amount of boric 
acid/boric anhydride mixture was changed. 
The synthesis conditions and physical properties of Wax 

3 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 4 

Wax 4 (Mn=373) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of C-olefin 
wax (Mn=462) was used and the addition amount of boric 
acid/boric anhydride mixture was changed. 
The synthesis conditions and physical properties of Wax 

4 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 5 

Wax 5 (Mn=424) was prepared,in the same manner as in 
Wax Production Example 1 except that 1000 g of Fischer 
Tropsch wax (Mn=502) was used and the addition amount 
of boric acid/boric anhydride mixture and the reaction time 
were changed. 

The synthesis conditions and physical properties of Wax 
5 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 6 

Wax 6 (Mn=309) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of paraffin 
wax (Mn=370) was used and the addition amount of boric 
acid/boric anhydride mixture was changed. 
The synthesis conditions and physical properties of Wax 

6 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 7 

Wax 7 (Mn=265) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of paraffin 
wax (Mn=295) was used and the addition amount of boric 
acid/boric anhydride mixture and the reaction time were 
changed. 
The synthesis conditions and physical properties of Wax 

7 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 8 

Wax 8 (Mn=738) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of polyeth 
ylene wax (Mn=905) was used and the addition amount of 
boric acid/boric anhydride mixture was changed. 
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The synthesis conditions and physical properties of Wax 
8 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 9 

Wax 9 (Mn=535) was prepared in the same manner as in 
Wax Production Example 1 except that 17.1 g (0.39 mol) of 
metaboric acid was used in place of boric acid/boric anhy 
dride mixture and the reaction time (2.5 hours) was changed 
to 1.5 hours. 

The synthesis conditions and physical properties of Wax 
9 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 10 

Wax 10 (Mn=907) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of polyeth 
ylene wax (Mn=1126) was used and the mixing ratio and 
addition amount of boric acid/boric anhydride mixture were 
changed. 

The synthesis conditions and physical properties of Wax 
10 are shown in Table 1. 

WAX PRODUCTION EXAMPLE 11 

Wax 11 (Mn=524) was prepared in the same manner as in 
Wax Production Example 1 except that 1000 g of Fischer 
Tropsch wax (Mn=615) was used and the addition amount 
of boric acid/boric anhydride mixture was changed. 

The synthesis conditions and physical properties of Wax 
11 are shown in Table 1. 

15 

25 

28 
Polymer (L1) provided a GPC chromatogram showing a 
peak molecular weight (Mp) of 15200 and an acid value of 
29.6 mgkOH/g. The polymerization composition, peak 
molecular weight (Mp) and acid value of Polymer (L1) are 
shown in Table 2 together with those of polymers obtained 
in the following Polymer Production Examples. 

Polymer Production Examples 2-6 

Polymers (L2)-(L5) and (H4) of low molecular weight 
were prepared in the same manner as in Polymer Production 
Example 1 except. for changing polymerization composi 
tions (respective monomer amounts and initiator amounts 
and addition of divinylbenzene as desired) as shown in Table 
2. 

Polymer Production Example 7 

Into a four-necked flask, 180 parts of deaerated water and 
20 parts of 2 wt.%-polyvinyl alcohol aqueous solution were 
placed, and a liquid mixture of 70.9 parts of Styrene, 25 parts 
of n-butyl acrylate, 4.1 parts of monobutyl maleate and 0.18 
part of 2,2-bis(4,4-di-tert-butylperoxycyclohexyl) propane, 
was added thereto, followed by Stirring to form a Suspension 
liquid. After the interior of the flask was sufficiently aerated 
with nitrogen, the system was heated to 90° C. to initiate the 
polymerization. The System was held at that temperature for 
24 hours to complete the polymerization. The polymerizate 
was filtered out, washed with water and dried to obtain 

TABLE 1. 

Wax synthesis conditions 

Boric Amount Reaction Hv Ev 
Wax No. compound 1 (mol) time (hr) (mgKOH/g) (mgKOH/g) 

1. BABAA = 1.45 O41 2.5 59.1 14.2 
2 O42 1.O 21.7 3.9 
3 1.12 2.5 133.5 39.2 
4 0.72 2.5 89.8 3.6 
5 0.44 2.O 50.5 6.7 
6 O.70 2.5 8O.O 18.0 
7 O.11 0.5 2.4 6.9 
8 1.56 2.5 1648 59.0 
9 MBA O.39 1.5 24.3 32.1 
1O BABAA = 1.40 O.33 2.5 33.1 8.3 
11 O.67 2.5 67.5 7.2 

12 + 2 9.6 29.4 

* 1 BA: boric acid, BAA. boric acid anhydride, MBA: metaboric acid. 

Wax Properties 

Av Tmp Viscosity Tsp 
(mgKOH/g) ( C.) Penetration (mPa s) (120° C.) ( C.) 

8.3 91 6 12.7 93 
7.0 122 3 16.3 (140° C.) 125 

23.3 75 11 12.O 8O 
7.1 69 24 10.9 75 
4.4 77 8 11.8 83 

12.0 73 9 11.8 79 
5.2 65 2 9.5 66 

36.2 98 19 17.5 106 
37.2 92 11 11.6 95 
4.4 101 5 15.2 103 
8.8 82 6 11.2 86 
11.7 66 12 9.7 68 

*2 Wax 12 is a partially esterified product of polyglycerin used in Comparative Examples 4 and 6 appearing hereinafter. 

Binder resins were prepared in the following manner. 

Polymer Production Example 1 

300 parts of Xylene was placed in a four-necked flask, and 
the interior of the flask was sufficiently aerated with nitrogen 
under Stirring. Then, the Xylene was heated and Subjected to 
refluxing. Under the reflux condition, a liquid mixture of 
69.0 parts of styrene, 22 parts of n-butyl acrylate, 9.0 parts 
of monobutyl maleate and 1.8 parts of di-tert-butyl peroxide 
was added dropwise in 4 hours and held for 2 hours for 
completing the polymerization, followed by removal of the 
solvent to obtain Polymer (L1) of a low-molecular weight. 

55 

60 

Polymer (H1) of high molecular weight. Polymer (H1) 
provided a GPC chromatogram showing Mp.=8.2x10 and 
exhibited an acid value of 5.3 mgKOH/g. 

Polymer Production Examples 8 and 9 

Polymers (H2) and (H3) of high molecular weight were 
prepared in the Same manner as in Polymer Production 
Example 7 except for changing polymerization composi 
tions (respective monomer amounts and initiator amounts 
and addition of divinylbenzene as desired) as shown in Table 
2. 
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TABLE 2 

Polymers 

Polwmerization composition (wt. parts 

Monomers Initiators and DVB 

Polymer MBM Sty nBA DTBP DVB BBCP Mp 

L1 9.O 69 22 18 152OO 
L2 O.2 79.8 20 2.1 1OOOO 
L3 15.8 622 22 1.4 23OOO 
L4 1.3 78.7 20 2.6 68OO 
L5 7.7 71.3 21 0.5 O1 71OOO 
H1 4.1 70.9 25 O.18 82OOOO 
H2 5.2. 68.8 26 O.23 54OOOO 
H3 74 26 O.19 790OOO 
H4 2.5 72.5 25 0.5 O.14 16OOOO 

*MBM = monobutyl maleate, 
Sty = styrene, 
nBA = n-butyl acrylate, 
DTBP = di-t-butyl peroxide, 
DVB = divinylbenzene, 
BBCP = 2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane. 

Binder Production Example 1 
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Acid value 

(mgKOHg) 

25 

Polymer (L1) and Polymer (H1) were blended in solvent 
Xylene and the solvent was removed to obtain Binder resin 
1. 

Binder Production Examples 2-6 3O 

Binder resins 2-6were prepared in the same manner as in 
Binder Production Example 1 except for changing the 
species of Polymers to be blended as shown in Table 2. 

The molecular weight distribution and acid values of the 
thus-prepared binder resins are also shown in Table 3. 

TABLE 3 

Binder resin 

Binder Mp Mp 
resin No. Polymers (7:3) (main peak) (sub-peak) Mw * Mn 

1. L1 H1 15,100 790,000 361,000 8,100 
2 L2 H2 9,900 530,000 272,000 5,700 
3 L3 H1 22,800 800,000 383,000 10,300 
4 LA. H2 6,800 540,000 251,000 3,900 
5 L2 H3 10,000 780,000 354,000 6,000 
6 L1 H4 15,000 155,000 82,000 7,200 

* Mw: weigt" 

Example 1 

55 
Binder resin 1 100 parts 
Magnetic iron Oxide 100 parts 
Monoazo iron complex 2 parts 
Wax 1. 4 parts 

60 

The above ingredients were melt-kneaded by means of a 
twin-screw extruder heated at 130° C. After cooling, the 
kneaded product was coarsely crushed by a hammer mill and 
then finely pulverized by a jet mill. The pulverizate was 
classified by a fixed wall-type pneumatic classifier to obtain 65 
classified powder, which was further subjected to strict 
classification by means of a multi-division classifier 

29.6 
0.4 

51.4 
4.1 

25.1 
5.3 
6.8 
O.O 
3.1 

(“Elbow Jet”, made by Nittetsu Kogyo K.K.) utilizing the 
Coanda effect for removal of fine powder fraction and coarse 
powder fraction to obtain a negatively chargeable magnetic 
toner having a weight-average particle size (D4) of 6.8 um. 

The thus-prepared magnetic toner in 100 wt. parts was 
blended with 1.2 wt. parts of hydrophobic silica fine powder 
by means of a Henschel mixer to obtain a Developer 1. 
Physical properties of Developer 1 thus obtained are shown 
in Table 4 together with those of toners prepared in other 
Examples and Comparative Examples described hereinafter. 

Acid value 
(mgKOHg) 

22.4 
2.3 

37.6 
4.9 
O.2 

21.7 

Examples 2-13, Comparative Examples 1-3 and 5 
and Reference Example 

Developers 2-16, 18 and 20 were prepared in the same 
manner as in Example 1 except that Wax 1 was changed to 
Waxes 2-11 and/or Binder resin 1 was changed to Binder 
resins 2-6 or Polymer (L5) as shown in Table 4, respectively. 

Physical properties of the developerS are also shown in 
Table 4. 

Comparative Examples 4 and 6 
Developers 17 and 19 were prepared in the same manner 

as in Example 1 and Comparative Example 5, respectively, 
except for changing Wax 1 to Wax 12 (partially esterified 
product of polyglycerin; Tmp=66 C., penetration=12, and 
Mn=381). 
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Physical properties of the developerS are also shown in 
Table 4. 

TABLE 4 

Toner Prescription and Properties 

32 
(3) Toner (Developer) Sticking 

Toner prescription GPC peak molecular weight (x10). Acid value 

Example Developer Binder Lower MW Higher MW of toner 
No. No. resin No. Wax No. peak peak (mgKOHg) 

1. 1. 1. 4.8 666 2.2 
2 2 2 4.9 675 2.4 
3 3 3 4.8 68O 2.6 
4 4 4 4.8 662 1.9 
5 5 5 4.9 671 2.4 
6 6 6 4.9 668 2. 
7 7 2 1. 9.8 445 1.O 
8 8 3 1. 21.8 669 8.2 
9 9 4 1. 6.9 451 2. 
1O 1O 5 1. 4.8 668 O. 
11 11 6 1. 9.9 142 18 
12 12 1O 4.8 672 2.3 
13 13 11 4.9 676 2.5 

Comp. 1 14 7 4.9 670 2.4 
Comp. 2 15 8 4.8 661 2. 
Comp. 3 16 9 4.9 668 2.3 
Comp. 4 17 12 4.7 672 2.O 
Comp. 5 18 (L5) 7 68 3. 
Comp. 6 19 (L5) 12 69 3.0 
Ref. Ex. 2O (L5) 4 68 3.2 

The thus-prepared Developers 1-20 were evaluated in the 
following manner and the evaluation results are shown in 
Table 5 
(Image forming test) 
A commercially available laser beam printer (“LBP 

3260", made by Canon K.K.) was remodeled so as to 
increase the paper feed rate of 32 A4-Size lateral sheets/min. 
to a paper feed rate of 50 A4-size lateral sheets/min. by 
increasing the proceSS Speed to 200 mm/sec. and provide 
fixing conditions of a total pressure of 333 N. (34 kgf) and 
a nip of 9 mm between the heating roller and the pressure 
roller in the fixing device. Each of the above-prepared 
developerS was charged in a proceSS cartridge for the above 
remodeled laser beam printer. 

By using the above-remodeled laser beam printer, each 
developer was Subjected to continuous image forming tests 
on 20,000 sheets in normal temperature/normal humidity 
(NT/NH) environment (23° C./60% RH), a high 
temperature/high humidity (HT/HH) environment (32.5 
C./80% RH) and a low temperature/low humidity (LT/LH) 
environment (15 C/10% RH). The images thus formed 
were evaluated with respect to the following items. 
(1) Image Density (I.D.) 

Images were continuously printed on 20,000 sheets of 
plain paper (75 g/m) for copying, and image densities were 
measured at the initial Stage and the final Stage of the 
continuous printing operation in terms of a relative density 
compared with that of a white background portion corre 
sponding to an original image density of 0.00 by using a 
Macbeth densitometer (available from Macbeth Co.). 
(2) Fog 

Images were continuously printed on 20,000 sheets of 
plain paper (75 g/m) for copying, and fog was evaluated at 
the final Stage of the continuous printing operation by 
measuring a whiteness of the plain paper after printing and 
a whiteness of a printed Solid white image portion on the 
plain paper respectively by using a reflectometer (available 
from Tokyo Denshoku K.K.). The difference in whiteness 
represents a fog. A Smaller fog value represents leSS fog. 
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Images were continuously printed on 15000 sheets of 
plain paper in the high temperature/high humidity environ 
ment. The pressure roller Surface (in the fixing device) after 
the continuous printing was observed with eyes with respect 
to toner melt-Sticking onto the fixing device, and the effect 
thereof on the resultant images formed in the final Stage was 
also evaluated. The evaluation was performed according to 
the following Standard. 
A: No toner melt-Sticking observed on the pressure roller. 
B: Slight toner melt-Sticking is observed, but the images 

are not affected thereby. 
C: One or two black spots are observed in the resultant 

images. 
D: Three or more black spots are observed in the resultant 

images. 
(4) Fixing Performance (T. and T.) 
The hot pressure fixation device of the above-mentioned 

laser beam printer was remodeled So as to allow a heating 
roller surface temperature setting in a range of 120 C-250 
C. Image formation was formed while changing the roller 
Surface temperature in the range by an increment of 5 C. 
each in the normal temperature/normal humidity environ 
ment. 
(Low Temperature Fixability-T ( C.) 

Printing was performed on plain paper of 90 g/m giving 
a hard fixing condition. The resultant printed image was 
rubbed with Soft tissue paper (lens cleaning paper) under a 
load of 50 g/cm. A minimum temperature giving an image 
density lowering of 10% or less due to rubbing compared 
with that before rubbing was recorded as a fixing initiation 
temperature (T. (C.)). 
(Anti-high Temperature Offset Property—T (C)) 
A Sample image having an areal image percentage of ca. 

5% was printed out on plain paper of 60 g/m liable to cause 
offset and fixed at various temperatures So as to observe the 
State of Soiling of the printed images. A maximum tempera 
ture at which the images were free from Soiling due to offset 
was determined as a high-temperature offset-free tempera 
ture (Topset (e C.)). 
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(Anti-blocking Test) 
Ca. 10 g of each developer was placed in a 100 cc-plastic 

cup and left standing for 3 days at 50 C. to evaluate a state 
of agglomeration by eyes thereof according to the following 
Standard. 
A: No agglomerate is observed. 
B: Agglomerate is observed but collapsed easily. 
C: Agglomerate is observed but collapsed by Shaking the 

Cup. 

5 
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5. The toner according to claim 1, wherein the hydrocar 

bon wax has a melting point of 65-130 C. 
6. The toner according to claim 1, wherein the hydrocar 

bon wax is a wax obtained by converting an aliphatic 
hydrocarbon wax into alcohol. 

7. The toner according to claim 1, wherein the toner has 
an acid value of 0.5-100 mgKOH/g. 

8. The toner according to claim 1, wherein the hydrocar 
bon wax has an ester value (EV) of 1-15 mgKOH/g. 

D: Agglomerate can be taken and is not readily collapsed. 10 9. The toner according to claim 1, wherein the hydrocar 
The evaluation results are shown in Table 5. bon wax has an acid value (AV) of 1-10 mgKOH/g. 

TABLE 5 

Fixation Image density Fog 

Example TFI Toffset (NTNH) (HTHH) (LTLH) (NTNH) (LTLH) Anti 

No. ( C.) ( C.) initial final initial final initial final initial final initial final Sticking Blpcking 

1. 50 235 1.40 1.41 1.41 1.39 1.42 1.40 1.3 1.7 1.9 2.1 A. A. 
2 55 23O 137 134 139 1.32 1.38 1.34 2.1 2.6 2.6 3.3 B B 
3 SO 230 1.36 1.33 1.35 1.3O 137 132 2.2 2.7 28 3.3 B C 
4 SO 230 1.34 1.32 1.34 1.29 1.33 1.31 2.6 2.9 3.O 3.5 B C 
5 45 230 1.40 1.38 1.40 1.37 1.41 1.39 1.8 2.1 2.1 2.5 A. A. 
6 SO 230 1.36 1.32 1.36 1.31 1.37 133 23 2.6 2.8 3.2 B C 
7 45 23O 137 135 1.37 135 1.38 1.35 2.2 2.8 2.8 3.1 A. B 
8 55 235 1.40 1.39 1.40 1.38 1.41 1.38 1.8 1.9 2.2 2.4 A. A. 
9 45 23O 137 138 1.38 1.36 1.39 1.37 24 2.8 2.7 3.0 A. B 
1O SO 235 1.36 1.31 1.35 1.3O 137 132 2.O 2.5 2.8 3.1 A. B 
11 45 225 1.41 1.38 1.38 1.36 1.40 1.36 2.1 2.6 2.5 2.7 A. B 
12 50 235 1.40 1.41 1.38 1.41 1.41 1.42 1.1 1.4 1.8 1.9 A. A. 
13 50 235 1.41 1.40 1.37 1.42 1.40 1.40 1.0 1.3 1.6 1.8 A. A. 

Comp. 1 150 215 1.37 1.37 1.38 1.36 1.39 1.36 1.9 2.2 2.3 2.6 D C 
Comp. 2 150 230 1.26 1.25 1.26 1.25 1.27 1.25 2.8 3.1 3.2 3.6 B D 
Comp. 3 150 230 1.31 1.30 1.31 1.29 1.32 1.30 2.3 2.9 2.9 3.3 D C 
Comp. 4 155 215 1.32 1.33 1.32 1.29 1.34 1.31 2.4 2.8 2.7 3.0 D D 
Comp. 5 160 210 1.26 1.20 1.23 1.19 1.25 1.20 3.1 3.6 3.5 4.1 D C 
Comp. 6 165 205 1.22 1.18 1.20 1.15 1.23 1.19 3.3 3.8 3.7 4.3 D D 

Ref. 55 22O 1.27 1.28 1.27 1.24 1.28 1.26 2.8 3.4 3.3 3.8 C C 

AS described hereinabove, according to the present 
invention, it is possible to provide a toner which shows 
higher performances including a low-temperature fixability 
and anti-high-temperature offset characteristic in combina 
tion while retaining a good developing performance even in 
a Severe environmental condition Such as a high 
temperature/high-humidity environment or low 
temperature/low-humidity environment. The toner is also 
excellent in anti-blocking characteristic and is not readily 
attached to the fixing member. 
What is claimed is: 
1. A toner, comprising at least a binder resin, a colorant 

and a hydrocarbon wax, wherein 
the hydrocarbon wax has a hydroxyl value (Hv) of 5-150 
mgKOH/g and an ester value (EV) of 1-50 mgKOH/g 
satisfying HvaEV, and 

the toner has a tetrahydrofuran-Soluble content providing 
a gel-permeation chromatogram showing at least one 
peak in a molecular weight region of 3x10 to 5x10" 
and at least onepeak or shoulder in a molecular weight 
region of 1x10 to 1x107. 

2. The toner according to claim 1, wherein the hydrocar 
bon wax has an acid value (AV) of 1-30 mgKOH/g. 

3. The toner according to claim 1, wherein the toner has 
a tetrahydrofuran-Soluble content providing a gel 
permeation chromatogram showing at least one peak in a 
molecular weight region of 3x10 to 3x10" and at least one 
peak or shoulder in a molecular weight region of 1x10 to 
5X10. 

4. The toner according to claim 1, wherein the hydrocar 
bon wax has a hydroxyl value (Hv) and an acid value (AV) 
satisfying Hvid AV. 
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10. The toner according to claim 1, wherein the hydro 
carbon wax has a hydroxyl value (Hv) of 10-100 mgKOH/g, 
an ester value (EV) of 1–30 mgkOH/g, and an acid value 
(AV) of 1-15 mgKOH/g. 

11. The toner according to claim 10, wherein the hydro 
carbon wax satisfies the following conditions: Hvid2xEV and 
HvAV. 

12. The toner according to claim 10, wherein the hydro 
carbon wax satisfies the following conditions: Hvid2xEV and 
Hv2XAV. 

13. The toner according to claim 1, wherein the hydro 
carbon wax has a hydroxyl value (Hv) of 20–90 mgKOH/g, 
an ester value (EV) of 1-20 mgkOH/g, and an acid value 
(AV) of 1-10 mgKOH/g. 

14. The toner according to claim 1, wherein the hydro 
carbon wax has a melting point of 70-125 C. 

15. The toner according to claim 1, wherein the hydro 
carbon wax has a melting point of 75-120° C. 

16. The toner according to claim 1, wherein the hydro 
carbon wax has a penetration of at most 15. 

17. The toner according to claim 1, wherein the hydro 
carbon wax has a viscosity at 120° C. of 500 mPa.s. 

18. The toner according to claim 1, wherein the hydro 
carbon wax has a softening point of 65–140° C. 

19. The toner according to claim 1, wherein the hydro 
carbon wax contains a component having partial Structures 
represented by the following formulas (A) and (B): 
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(A) 

and 

(B) 

20. The toner according to claim 19, wherein the hydro 
carbon wax contains a component having partial Structures 
represented by the following formulas (C) and (D): 

(C) 

(D) 

CH 
CH1N 

COOH 

21. The toner according to claim 19, wherein the hydro 
carbon wax contains a component having a partial Structure 
represented by the following formula (E): 
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(E) 

CH OH. Y 1 CH 

22. The toner according to claim 1, wherein the binder 
resin has an acid value of 1-100 mgKOH/g. 

23. The toner according to claim 1, wherein the binder 
resin has an acid value of 1-70 mgKOH/g. 

24. The toner according to claim 1, wherein the binder 
resin has an acid value of 1-50 mgKOH/g. 

25. The toner according to claim 1, wherein the toner has 
an acid value of 0.5-50 mgKOH/g. 

26. The toner according to claim 1, wherein the toner has 
an acid value of 1.0–40 mgKOH/g. 

27. The toner according to claim 1, wherein the binder 
resin has a glass transition temperature (Tg) of 45–80 C. 

28. The toner according to claim 1, wherein the binder 
resin comprises a Styrene-acrylate copolymer. 

29. The toner according to claim 1, wherein the binder 
resin comprises a Styrene-methacrylate copolymer. 

30. The toner according to claim 1, wherein the binder 
resin comprises a polyester resin. 

31. The toner according to claim 1, wherein the toner 
comprises the hydrocarbon wax in an amount of 0.2-20 wt. 
parts per 100 wt. parts of the binder resin. 

32. The toner according to claim 1, wherein the toner 
comprises the hydrocarbon wax in an amount of 0.5-15 wt. 
parts per 100 wt. parts of the binder resin. 

33. The toner according to claim 1, wherein the toner 
comprises the hydrocarbon wax in an amount of 1-15 wt. 
parts per 100 wt. parts of the binder resin. 

k k k k k 


